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I. INTRODUCTION 

T h i s  volume cons ide r s  post  design c r i t e r i a  r e l a t e d  t o  the 

breadboard and prototype gas chromatography u n i t s .  

have been made t o  d e f i n i t i z e  a l l  component p a r t s  of t he  

package. 

w i th  i t s  con ten t s  i s  a lso presented.  

i n t o  cons ide ra t ion  environmental  c o n s t r a i n t s .  

Attempts  

A conf igu ra t ion  of the gas chromatographic package 

The package design takes 

Interspersed throughout  t h i s  p r e s e n t a t i o n  a r e  recommendations 

r e l a t e d  t o  t he  i n j e c t o r  valve,  columns, d e t e c t o r s ,  sample 

pumping, and so on. Numerous t r a d e - o f f s  which could be made 

i n  i n c r e a s i n g  the v e r s a t i l i t y  and, t o  some e x t e n t ,  the  r e l i -  

a b i l i t y  of t h e  instrument  a r e  a l so  d iscussed .  

Although t h i s  c o n t r a c t  has been d i r e c t e d  p r imar i ly  t o -  

wards t h e  demonstrat ion of the f e a s i b i l i t y  of the  series column 

c o n f i g u r a t i o n s  f o r  doing the  r e q u i r e d  ana lyses  w i t h i n  the 

Mart ian atmosphere,  Melpar has directed a l a r g e  p o r t i o n  of i t s  

e f f o r t  towards a t tempt ing  t o  rea l ize  i n  a r ea l i s t i c  manner 

much of t h e  hardware t h a t  would be needed i n  the  breadboard 

and pro to type  u n i t s .  

r e s u l t  of t h i s  e f f o r t  begin t o  approach t h e  a n t i c i p a t e d  hard- 

ware. 

i n j e c t i o n  va lve ,  a tmospheric  Ventur i  pump, and the  gas  

chromatographic oven w i t h  i t s  chemical h e a t e r s .  

Many of the components evolved as a 

These items inc lude  such components as t h e  d e t e c t o r s ,  

7 
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2.  OVERALL SYSTEM DESCRIPTION 

I n  view of the e x c e l l e n t  performance obta ined  from the 

l a b o r a t o r y  u n i t ,  it i s  recommended t h a t  t he  breadboard u n i t  

have the  same bas i c  conf igura t ion .  A schematic  view of t he  

proposed Mart ian gas  chromatograph i s  shown i n  f i g u r e  1. 

proposed gas handl ing  system i s  given i n  f i g u r e  2. 

column arrangement w a s  used i n  the l a b o r a t o r y  model, and i s  

proposed f o r  t h e  breadboard model because of i t s  t h e o r e t i c a l  

advantages.  These advantages were found t o  hold t r u e  i n  

p r a c t i c e .  

i n j e c t i o n  va lve  which g r e a t l y  i n c r e a s e s  s i z e  and weight, o r  

it must  use a stream s p l i t t e r  which i s  l i k e l y  t o  be i n a c c u r a t e  

and decrease  s e n s i t i v i t y .  

these disadvantages.  I n  a d d i t i o n ,  r e s o l u t i o n  of the  l a s t  

columns i s  improved by t h e  p a r t i a l  s e p a r a t i o n s  made i n  t h e  

f i r s t  columns. As an  example, s e p a r a t i o n  of K r  from N2 on a 

molecular  s i e v e  column i s  very d i f f i c u l t  u n l e s s  a s i l i c a  g e l  

column precedes it. 

ment is t he  p ropor t iona l ly  smaller  p re s su re  drop a c r o s s  each 

column, which l e a d s  t o  improved s e p a r a t i o n  e f f i c i e n c y .  

c r o s s - s e c t i o n  type  d e t e c t o r s  a r e  used i n  t h e  breadboard u n i t ,  

because of the  e x c e l l e n t  r e l i a b i l i t y ,  s e n s i t i v i t y ,  and dynamic 

range found i n  the  l abora to ry  model. It may be seen t h a t  the 

basic system i s  almost  i d e n t i c a l  t o  the l a b o r a t o r y  model. 

The 

The s e r i e s  

A p a r a l l e l  con f igu ra t ion  must u s e  e i the r  a m u l t i p l e  

The series system does n o t  have 

An added advantage of t h e  series ar range-  

The 

Column dimensions are s i g n i f i c i a n t l y  changed. However, 

8 
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the  number of compounds analyzed and t h e i r  order of e lu t ion  w i l l  

be the same. 

however. Some of the  system components w i l l  be modified to  

correct minor d i f f i c u l t i e s  experienced with the laboratory 

model. A l l  o f  the  components w i l l  be miniaturized. 

Improved reso lut ion and s e n s i t i v i t y  are expected, 

11 



3.  DETAILED DESCRIPTION OF PROPOSED SYSTEM AND I T S  COMPONENTS 

3 . 1  Columns and Detec tors  

3 .1 .1  Columns 

A l l  columns w i l l  be cons t ruc ted  from smal le r  bore t u b i n g  

than  t h a t  used i n  t h e  l abora to ry  model. Smaller diameter  

columns a r e  known t o  improve s e p a r a t i o n  e f f i c i e n c y ;  t h u s  

s h o r t e r  columns can be used .  

improve t h e  v e l o c i t y  t o  volume carr ier  gas  r e l a t i o n s h i p .  

improvement can be t r ansmi t t ed  t o  the system a s  improved column 

e f f i c i e n c y ,  h ighe r  speed, o r  lower gas  consumption. The 

breadboard u n i t  has  been designed t o  t a k e  advantage of t h i s  

smaller diameter  t u b i n g ,  which has ,  a s s o c i a t e d  w i t h  it, i n -  

c reased  column e f f i c i e n c y  and lower c a r r i e r  gas  consumption. 

The h ighe r  p r e s s u r e s  t o  be used (120 p s i  i n l e t  and 60 p s i  

o u t l e t )  a l so  w i l l  c o n t r i b u t e  t o  improved column e f f i c i e n c y .  

Smaller  diameter  columns n a t u r a l l y  

This 

Two s l i g h t  d i f f i c u l t i e s  may a r i s e  a s  a r e s u l t  of t h i s  

modi f ica t ion .  The decreased c a r r i e r  gas  volume w i l l  i n c r e a s e  

t h e  i n j e c t i o n  t i m e  cons t an t  thus broadening s l i g h t l y  t h e  

e l u t i o n  peaks. Previous experience has  shown t h a t  peak 

broadening i s  n o t  excess ive  a t  100 m b .  p r e s s u r e  and 100 ml/min. 

c a r r i e r  gas flow even when a 40 ml.sample loop was used. 

any event ,  a sample loop smaller  than  t h e  1 5  m l .  l a b o r a t o r y  

model could be used because d e t e c t o r  s e n s i t i v i t y  w i l l  be i m -  

proved with lower flow r a t e s .  

probably be more than  adequate when a flow rate  of 60 ml/min. 

I n  

A 10  m l .  sample loop w i l l  

12 
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i s  used.' 

wi th  smal le r  diameter  columns. 

resent  a l i m i t a t i o n  except  f o r  a tmospheric  components exceeding 

10% concen t r a t ion  e s p e c i a l l y  i f  a smaller sample loop i s  used. 

Two sample loops  of d i f f e r e n t  volumes may be convenient ly  used 

i f  d e s i r e d .  

Overloading of the columns w i l l  be more of a problem 

This i s  not expected t o  rep- 

All column tub ing  w i l l  be welded o r  brazed t o g e t h e r ,  and 

t o  t h e  d e t e c t o r s .  

leakage of f i t t i n g s .  

This  w i l l  e l i m i n a t e  t h e  weight and p o t e n t i a l  

Column 1 i s  a l i q u i d  coated Teflon column designed t o  

e l u t e  NH3 s h o r t l y  a f t e r  a i r  and H 2 0  a t  f i v e  minutes .  

somewhat more a l k a l i n e  than  t h e  l a b o r a t o r y  model l i q u i d  phase 

column i n  o r d e r  t o  prevent  undes i rab le  NH3 adso rp t ion  previous ly  

experienced.  It i s  as s t a b l e  or more s t a b l e  than  t h e  l a b o r a t o r y  

model. 

t h e  s t e r i l i z a t i o n  t r ea tmen t .  

It i s  

This  is necessary t o  prevent  column b leeding  and res is t  

Column 2 is packed wi th  a smal l  amount of molecular  s i e v e ,  

a l a r g e r  amount of s i l i c a  g e l ,  and is l e f t  empty a t  t h e  f r o n t  

end. 

i n t o  detector 2 u n t i l  NH3 has  been e l u t e d  from column 1. 

Experiments are planned t o  a t tempt  t o  change t h e  s e p a r a t i o n  

of e thane  and N 2 0 .  

w i l l  be used t o  sepa ra t e  N20 from C02. 

K r ,  Xe, C2H6, N20, and C02 i n  t h e  1 .0  t o  3.5 minute t ime per iod .  

The empty po r t ion  serves  t o  de lay  t h e  passage of a i r  

The molecular s i e v e  p o r t i o n  of t h i s  column 

This  column w i l l  e l u t e  

13 



Column 3 i s  a convent ional  molecular  s i e v e  column. It i s  

designed t o  e l u t e  H2, A-02, H2, K r ,  CH4, CO, and Xe i n  t h e  1.1 

t o  4.5 minute t i m e  per iod.  

Column 4 i s  p a r t i a l l y  f i l l e d  wi th  h ighly  a c t i v a t e d  char -  

c o a l .  

and N2 i n  t h e  2 . 2  t o  3 . 5  minute t i m e  per iod .  

of t h e  column se rves  t o  prevent  i n t e r f e r e n c e  with compounds 

being e l u t e d  from column 3 .  This  column i s  cons t ruc t ed  from 

l a r g e r  diameter  t ub ing  i n  order  t o  i n c r e a s e  t h e  oxygen 

adso rp t ion  e f f i c i e n c y  and reduce t h e  l e n g t h  of t h e  empty po r t ion  

of t h e  column. 

3 .1 .2  Detec tors  

This column i s  designed t o  adsorb 0 2  and t o  e l u t e  H2, A ,  

The empty po r t ion  

Figure 3 i l l u s t r a t e s  t h e  c r o s s - s e c t i o n  d e t e c t o r s  t h a t  

w i l l  be used i n  t h e  breadboard u n i t .  Melpar 's  c r o s s - s e c t i o n  

d e t e c t o r s  e x c e l  i n  response c h a r a c t e r i s t i c s  ( s e e  pp. 18-22 of 

t h e  second monthly r e p o r t ) .  It i s  ev iden t  t h a t  t h e  basic des ign  

i s  e s s e n t i a l l y  unchanged from t h a t  used i n  t h e  l abora to ry  models. 

Columns a r e  welded d i r e c t l y  t o  t h e s e  d e t e c t o r s  r a t h e r  than 

being connected wi th  f i t t i n g s  and Teflon p r e s s  f i t s .  This 

w i l l  decrease  weight and improve shock r e s i s t a n c e .  The e l e c t r o d e  

spacings w i l l  be graduated from 1/64 inch on d e t e c t o r  1 t o  1/8 

inch  on d e t e c t o r  4 i n  o rde r  t o  compensate f o r  t h e  d i f f e r e n t  

p r e s s u r e s  and gas  v e l o c i t i e s  a t  each d e t e c t o r .  This  graduat ion  

w i l l  a l low t h e  use  of a 1 0  v o l t  power supply f o r  each d e t e c t o r .  

The c e l l  d iameters  w i l l  be decreased s l i g h t l y  t o  reduce space 

14 
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requi rements .  

compensate f o r  

More a c t i v e  t r i t i u m  sources  w i l l  be used t o  

t h e  reduced e l e c t r o d e  a r e a  and t o  improve 

s e n s i t i v i t y .  It i s  expected t h a t  t h e s e  d e t e c t o r s  w i l l  have t h e  

same h igh  r e l i a b i l i t y  t h a t  t h e  l a b o r a t o r y  models have, and w i l l  

be cons iderably  more shock r e s i s t a n t .  

The d e t e c t i o n  s e n s i t i v i t y  of t h e  c ros s - sec t ion  d e t e c t o r  

has  been found t o  be adequate.  I.Jith an e f f e c t i v e  t r i t i u m  

source of some 600 m i l l i c u r i e s  used i n  t h e  l a b o r a t o r y  model 

t h e  d e t e c t i o n  s e n s i t i v i t i e s  f o r  a l l  components wi th  t h e  except ion 

of neon was nea r  10 ppm. 

c a l i b r a t i o n s  w a s  100 m b .  There i s  no doubt t h a t  t h i s  s e n s i t i v -  

i t y  can be improved by a f a c t o r  of 2 . 5  i n  i n s u r i n g  t h e  proper  

response a t  40 mb. A s l i g h t  improvement i n  column e f f i c i e n c y ,  

t h e  use of a l a r g e r  sample loop, and/or t h e  use of a more po ten t  

t r i t i u m  source would e a s i l y  give t h e  d e s i r e d  d e t e c t i o n  

s e n s i t i v i t y  a t  40 mb. 

w i l l  no t  r e p r e s e n t  any exposure hazard.  

t r i t i u m  p-rays i s  small; and they do n o t  p e n e t r a t e  t h e  d e t e c t o r  

housing) .  

The sample p re s su re  used f o r  t h e s e  

(The u s e  of a more po ten t  tritium source 

The energy of t h e  

Estimated d e t e c t i o n  e r r o r s  f o r  t h e  i n d i v i d u a l  components 

a t  d i f f e r e n t  concen t r a t ion  l e v e l s  a r e  given i n  t a b l e  1. These 

va lues  were determined from the  c a l i b r a t i o n  curves  i n  Volume 11. 

The e r r o r  was taken  a s  f i v e  times t h e  n o i s e  and d r i f t  a t  t h e  

p a r t i c u l a r  c u r r e n t  l e v e l  measured. 

accuracy a t  any one concent ra t ion  l e v e l  probably w i l l  be t h e  

The l i m i t i n g  f a c t o r  f o r  

16 
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TABLE 1 

ESTIMATED DETECTION ERROR 

C o n c e n t r a t i o n  a t  100  mb. - p r e s s u r e  

0.001% 0.01% 0 . 1 %  1 .0% 10% 

N2° - +.0003 2 . 0 0 1  2.005 f . 05  20.5 

C2H6 .0007 .001 .oos .os 0.1 

CO2 .0009 

Compound 

.0002 .001 .01 0.5 

.003 .008 .02 0.1 

.0001 .001 .01 0.05 

. O O O l  .001 .01 0.1 

Xe ,000 7 

K r  

A .0007 

H2 .003 .001 .01 0,1 

02  .oos .os 0 . 9  

N2 .001 .005 .os 0.1 

CH4 .0002 .001 .02 

.003 .002 .01 1 .8  co .0007 

.0003 

I 
a 
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readout  system r a t h e r  than  t h e  d e t e c t o r .  Overa l l  accuracy f o r  

a l l  compounds i s  a f f e c t e d  by gas flow and temperature  mal- 

f u n c t i o n s .  

t h e  s tandard  r e fe rence  compound. 

3 .1 .3  Colnmn and Detec tor  Trade-Of f s 

This  e r r o r  may be compensated f o r  by i n c l u s i o n  of 

A l a r g e  number of major system changes i n  columns and 

d e t e c t o r s  have been made during t h e  development of t h e  l abor -  

a t o r y  model. Some minor system changes and major mechanical 

changes have been made f o r  t he  p ro jec t ed  breadboard u n i t .  

Other modi f ica t ions  would n e c e s s a r i l y  improve one c h a r a c t e r i s t i c  

a t  t h e  expense of another .  Most of t h e s e  t r a d e - o f f s  f o r  

columns and d e t e c t o r s  a r e  l i s t e d  i n  table  2.  

A h ighe r  o p e r a t i n g  temperature  (above 300°K) w i l l  reduce 

t h e  r e t e n t i o n  t i m e  of a l l  compounds, t h u s  a l lowing  longer  and 

more e f f i c i e n t  columns t o  be used. This would improve both 

s e p a r a t i o n  and s e n s i t i v i t y  because of t h e  peak sharpening 

e f f e c t .  It would, however, r e q u i r e  more heater capac i ty  and 

be t te r  i n s u l a t i o n .  

A l a r g e r  sample loop would i n c r e a s e  s e n s i t i v i t y  t o  a l l  

compounds. The i n j e c t i o n  time would be correspondingly i n -  

c r eased ,  and t h e  peaks would be broadened s l i g h t l y .  Since no 

adverse  peak broadening has  been observed wi th  t h e  p r e s e n t  

sample loop when opera ted  a t 1 0 0  mb. p r e s s u r e ,  a l a r g e r  loop 

than  t h e  1 5  cc  loop considered may be used. 

The p resen t  system could be eas i ly  modif ied so t h a t  no 

18 
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TABLE 2 

POSSIBLE MODIFICATIONS AND THEIR EFFECT ON THE SYSTEM 

Nod i f  i c a  t ion  S e n s i e i v i t y  Separa t ion  Power E W t .  

Higher Temperature + + - 
0 Larger  Sample Loop + - 

0 + Detector  Switching - 
Higher O u t l e t  

Pressure  

Higher I n l e t  
Pres sure  

+ + - 

Opposing Detector  + 
P o l a r i t i e s  

+ + - 

Key: + = B e n e f i c i a l  E f f e c t  

0 = No Ef fec t  

- -  - Dele ter ious  E f f e c t  

0 

8 
I 
I 
8 

19 



8 
1 

peaks ,  w i th  t h e  except ion  of Xenon, from a m p l i f i e r  1 would 

i n t e r f e r e  w i t h  t hose  from a m p l i f i e r  2 .  (See chromatograms 

i n  f i g u r e s  5 and 6 of Volume 11). Th i s  would make it p o s s i b l e  

t o  use only one a m p l i f i e r  i f  it i s  switched between d e t e c t o r s .  

A t y p i c a l  sequence of even t s  would be: (1) Detectors 1 and 2 

on,  ( 2 )  I n j e c t i o n ,  ( 3 )  Air and NH3 peaks from detector 1, (4 )  

De tec to r s  1 and 2 o f f  and 3 and 4 on, (5) H202-A, N2, K r ,  CH4, 

H 2 ,  CO, A ,  peaks from de tec tors  3 and 4 ,  ( 6 )  Detec tors  3 and 4 

o f f  and 1 and 2 on, ( 7 )  C2H5, N20, C02, H20 peaks f o r  d e t e c t o r s  

1 and 2. The e l i m i n a t i o n  of one a m p l i f i e r  by t h i s  method 

would r e p r e s e n t  a g r e a t  saving i n  weight and space.  The swi tch  

i n g  p rocess  would probably decrease s t a b i l i t y ,  t h u s  dec reas ing  

s e n s i t i v i t y  t o  some e x t e n t .  However, i f  t h i s  one a m p l i f i e r  

f a i l s  a l l  of t h e  a n a l y s i s  would be l o s t  i n s t e a d  of o n l y h a l f .  

A s i n g l e  a m p l i f i e r  may also be  e f f e c t i v e l y  used i f  t h e  t o t a l  

a n a l y s i s  t i m e  i s  inc reased  from f i v e  minutes t o  t e n  minutes ,  

and column parameters  a r e  adjusted t o  spread  t h e  e l u t i o n  of 

components over  the t e n  minute pe r iod .  A t e n  minute a n a l y s i s  

pe r iod  would a lso  enable  H2S t o  be r e s o l v e d  by the  l i q u i d  

column. 

Higher o u t l e t  p r e s s u r e s  would improve column e f f i c i e n c y  

and thereby  also improve s e n s i t i v i t y .  But t h e s e  h ighe r  

p r e s s u r e s  would r e q u i r e  a h igher  gas flow t o  main ta in  t he  f i v e  

minute a n a l y s i s  t i m e .  

Higher i n l e t  p r e s s u r e s  would lead t o  h i g h e r  gas  f lows.  

20 
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It would, however, enable  l m g e r  and more e f f i c i e n t  columns 

t o  be used which would l e a d  t o  b e t t e r  r e s o l u t i o n  and d e t e c t i o n  

s e n s i t i v i t y .  The ex t r a  volume f o r  t h e  longe r  columns i s  

o b j e c t i o n a b l e  t o  some e x t e n t  p a r t i c u l a r l y  i f  t h e  oven w e l l  must 

be en larged  t o  accommodate it. 

Reversing t h e  power supply p o l a r i t i e s  f o r  t h e  d e t e c t o r s  

so t h a t  they  "buck-out" each o t h e r  w i l l  g r e a t l y  improve s t a b i l i t y  

and s e n s i t i v i t y .  (Any adverse c o n d i t i o n s  t h a t  would tend  t o  

cause r a p i d  d r i f t  would b e  n u l l i f i e d .  

however, r e q u i r e  more complex e l e c t r o n i c  c i r c u i t r y  which w i l l  

add t o  t h e  weight of t h e  package. 

This  c o n f i g u r a t i o n  w i l l ,  

21 
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3.1 G a s  Chromatographic Oven 

3 . ~ .  1 In t roduc t ion  

I- I 

- 
S u c c e s s f u l  func t ion ing  of a g a s  chromatograph i s  

dependent upon an o p e r a t i o n a l  tempera ture ,  t h e  same a s  t h a t  

experienced n e a r  e a r t h ,  of t h e  o r d e r  of 3000K o r  s l i g h t l y  

h ighe r .  

i n  a p o s s i b l e  environmental  t empera ture  range of 140' t o  

300°K. 

chromatograph with a hea t ing  system capable  of r a i s i n g  i t s  

tempera ture  f o r  an expected sampling p e r i o d  of 1 hour.  The 

t o t a l  power a l l o c a t e d  t o  the  chromatograph ope ra t ion  i s  4 

w a t t s  which i s  obviously not  s u f f i c i e n t  t o  accomplish thermal  

h e a t i n g  and r e g u l a t i o n  through e l e c t r i c a l  hea t ing .  

The payload of  t h e  Martian probe  m u s t  be a c t i v a t e d  

Consequently,  i t  i s  necessa ry  t o  provide  t h e  

D u e  t o  t h e  s h o r t  du ra t ion  of t h i s  c o n t r a c t  e f f o r t ,  it 

was mandatory t o  develop t h e  h e a t i n g  system f o r  t h i s  mission 

s imul taneous ly  and independent ly  of t h e  e f f o r t  devoted t o  

t h e  des ign  of a l a b o r a t o r y  model of t h e  a c t u a l  chromatograph 

in s t rumen ta t ion .  

of t h e  u n i t  u t i l i z i n g  t h e  hea t  of r e a c t i c n  r e a l i z e d  through 

chemical r e a c t i o n .  

Melpar e l e c t e d  t o  accomplish t h e  h e a t i n g  

The p o r t i o n  of t h e  c o n t r a c t  work n e c e s s a r i l y  used 

p r o j e c t e d  b e s t  engineer ing  e s t i m a t e s  of t h e  f i n a l  p r o t o t y p e  

u n i t  a s  t h e  b a s i s  f o r  determining t h e  weight ,  volume, and 

thermal  p r o p e r t i e s  of t h e  components t o  be heated.  

The des ign  of any e f f i c i e n t  o r  optimum h e a t i n g  system 



i s  n e c e s s a r i l y  p r e d i c a t e d  upon an a c c u r a t e  knowledge of 

volume, mass, s p e c i f i c  h e a t ,  and ambient tempera ture ,  none 

of which could be  f a c t u a l l y  a s c e r t a i n e d  u n t i l  a f t e r  t h e  

f i n a l i z e d  des ign  has  been reso lved  and f a b r i c a t e d .  Melpar 

h a s  completed a l a b o r a t o r y  des ign  of a h e a t i n g  system t h a t  

d e f i n i t e l y  e s t a b l i s h e s  t h e  f e a s i b i l i t y  of des igning  a 

breadboard and product ion  model gas  chromatograph oven which 

meets t h e  t a r g e t  s p e c i f i c a t i o n s  i n  every r e s p e c t .  

remains now t o  u t i l i z e  t h e  knowledge t h e  d a t a  accumulated 

from t h i s  s tudy t o  r e a l i z e  an o p e r a t i o n a l  breadboard u n i t  

dur ing  t h e  nex t  phase w h i c h  w i l l  show optimum performance 

and which w i l l  i n t e g r a t e  smoothly wi th  t h e  r e s t  of t h e  

components of t h e  g a s  chromatographic u n i t .  

It 

To f u l l y  e x p l o i t  t h e  p o t e n t i a l  of t h e  chemical h e a t i n g  

method developed dur ing  t h i s  e f f o r t ,  t h e  des ign  of t h e  bread-  

board h e a t i n g  system can only be accomplished upon completion 

of t h e  f i n a l  breadboard Chromatograph in s t rumen ta t ion .  

t h i s  manner it w i l l  be p o s s i b l e  t o  minimize both weight and 

volume and t o  provide  f o r  t h e  most  s t r a t e g i c  p o s s i b l e  l o c a t i o n  

of t h e  h e a t i n g  elements  r e l a t i v e  t o  t h e  i n d i v i d u a l  com- 

ponents  of t h e  appara tus .  

In 

Thus, a l a r g e r  q u a n t i t y  of s m a l l e r  h e a t e r s  would 

permi t  both b e t t e r  thermal  c o n t r o l  and more space f o r  e i t h e r  

e l e c t r o n i c  components o r  i n s u l a t i o n .  Furthermore,  such a 

change would a l s o  r e s u l t  i n  a r educ t ion  i n  o v e r a l l  weight  
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of t h e  a c t u a l  h e a t i n g  system. 

composed p f  h e a t i n g  elements and aluminum c y l i n d e r s  a s  

shown i n  f i g u r e  1 of Volume I1 weighs approximately 1.5 

pounds. 

F r e s e n t l y ,  t h e  h e a t i n g  system 

The proposed change would reduce t h i s  t o  l ess  than  

1 pound. An improved, c o n t r o l l e d ,  chemical r e a c t i o n  f o r  

hea t ing  t h e  oven could reduce s l i g h t l y  even t h i s  weight .  

It would be extremely d i f f i c u l t  and r a t h e r  i m p r a c t i c a l  

t o  a t t empt  t o  p r e s e n t  a f i rm h e a t i n g  system des ign  for t h e  

breadboard u n i t  a t  t h i s  time. 

oven, however, a r e  q u i t e  f l e x i b l e ;  t h e  oven may be r e a d i l y  

f a b r i c a t e d  t o  accomnodate t h e  components i t  m u s t  con ta in .  

Design c o n s i d e r a t i o n s  t h a t  are involved  i n  t h e  breadboard 

oven a re  d i sucssed  i n  t h e  fol lowing paragraphs.  

3.2.2 Chemical Hea te r s  

Design changes with t h e  

----- 
Close  examination of t h e  l a b o r a t o r y  model of t h e  

h e a t i n g  system immediately r e v e a l s  one r a t h e r  undes i r ab le  

f e a t u r e ;  t h e  h e a t  i s  r e l e a s e d  from each charge a t  on ly  one 

p o i n t  o n t h e  circumference o f  t h e  chamber a t  one t ime, 

r e s u l t i n g  i n  a r a t h e r  severe  g r a d i e n t  throughout  t h e  chamber 

and a t  t h e  same time i n c r e a s i n g  e q u i l i b r i u m  time. 

s i t u a t i o n  can be  improved and t h e  o v e r a l l  thermal  g r a d i e n t s  

improved by reducing t h e  s i z e  of t h e  h e a t e r s  and i n c r e a s i n g  

t h e i r  number i n  r e a l i z i n g  the  same amount of hea t .  

example of t h e  m u l t i h e a t e r  arrangement i s  shown i n  f i g u r e  4. 

I n  t h i s  c a s e  t h e  h e a t  would b e  produced by 40 chemical h e a t e r s  

Th i s  

A t y p i c a l  
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r a t h e r  t h a n  12, and 10 groups of 4 would be f i r e d  i n  sequence 

i n s t e a d  of a s  i n d i v i d u a l  h e a t e r s .  

A r educ t ion  i n  h e a t e r  d iameter  such a s  t h i s  would a l s o  

a l low a r educ t ion  i n  t h e  o v e r a l l  d i ame te r  of  t h e  h e a t e r  

chamber. P r e s e n t l y ,  t h e  o u t s i d e  d i ame te r  of t h e  chamber 

i s  4.375 i n c h e s  t o  accomnodate t h e  3-inch I.D. w e l l  r e q u i r e d  

f o r  t h e  i n j e c t o r  va lve ,  columns and d e t e c t o r s  a s  w e l l  a s  

t h e  chemical h e a t e r s .  A r educ t ion  i n  t h e  diarreter  of t h e  

chemical charge from t h e  p r e s e n t  0.375 i n c h e s  to 0.176 

i nches  would permit t h e  o u t s i d e  d iameter  cf t h e  chamber 

t o  be reduced t o  3.6 inches .  I n  t h e  even t  t h a t  t h e  columns 

could be conta ined ,  a long  with t h e  v a l v e  and d e t e c t o r  i n  

a s t i l l  s m a l l e r  chamber, say 2.5 inches  i n  diameter, t h e  

OD of t h e  chamber could be  reduced s t i l l  f u r t h e r  t o  3.1 inches .  

Another f a c t o r  t h a t  warran ts  c o n s i d e r a t i o n  i n  t h e  o v e r a l l  

e f f i c i e n c y  of t h e  h e a t i n g  s y s t e m  i s  t h e  a c t u a l  lowest  o u t s i d e  

ambient tempera ture  t o  be experienced i n  f l i g h t .  The spec-  

i f i c a t i o n  f o r  t h i s  u n i t  r e q u i r e s  t h a t  i t  be capable  o f  

su rv iv ing  a low tempera ture  of 173'K. A t  t h e  same time, i t  

a l s o  s p e c i f i e s  t h a t  t h e  sampling s h a l l  commence i n  an 

atmosphere a t  140°K. I f  t h e  lower tempera ture  l i m i t  were 

indeed 173'K, a cons ide rab le  saving i n  t h e  amount of h e a t  

(and hence t h e  h e a t  packe t  r equ i r ed  t o  e s t a b l i s h  thermal  

equ i l ib r ium a t  t h e  o p e r a t i o n a l  t empera tu re )  could be r e a l i z e d .  

F o r  a minimum tempera ture  of 173'K, it would be p o s s i b l e  
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t o  reduce t h e  amount of chemical change by 20$L thereby reducing 

t h e  weight of t h e  hea t ing  system by 20%. 

however, such a change might  a l s o  al low a r educ t ion  i n  t h e  

amount of i n s u l a t i o n  r equ i r ed  and a consequent i n c r e a s e  i n  

t h e  amount of space a v a i l a b l e  f o r  a d d i t i o n a l  components. 

More important ,  

The f e a s i b i l i t y  s tudy  has proved t h a t  an  oven temperature  

near 300°K can be r e a l i z e d ,  even i f  a 140°K environment does 

e x i s t ;  but  Melpar does recommend a f u r t h e r  s tudy of t r a n s i t  

temperature  i n  order  t o  r e a l i z e  t h e  most e f f i c i e n t  breadboard 

u n i t  poss ib l e .  

3.2.3 Thermal J n s u l a t i o n  

The hea t  leak i n  t h e  l abora to ry  model of t h e  h e a t i n g  

system i s  n o t  excess ive ,  f o r  it i s  poss ib l e  t o  achieve t h e  

d e s i r e d  temperatures  and maintain them f o r  a cons iderably  

long per iod of time. I n  t h e  f i n a l  a p p l i c a t i o n ,  however, i t  

may be necessary t o  f i n d  a means of ob ta in ing  b e t t e r  

i n s u l a t i o n  f o r  t h e  u n i t  when i t  i s  i n t e g r a t e d  w i t h  a l l  

components of t h e  gas chromatography ins t rument .  

p r e l i m i n a r y  screening  of such m a t e r i a l s  f o r  use i n  t h i s  

system, Melpar d i d  no t  attempt t o  use t h e  so-cal led super- 

i n s u l a t o r s .  Foamed materials could more e a s i l y  be used i n  

t h e  l abora to ry  during t h i s  phase of t h e  work t h a n  could t h e  

s u p e r i n s u l a t o r s .  As a resul t  of a l i t e r a t u r e  search  and 

a conference with personnel  a t  NBS, Boulder,  Colorado, two 

f a c t o r s  t h a t  d e f i n i t e l y  a f f e c t  t h e  u s e  of s u p e r i n s u l a t o r s  

During t h e  
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became apparent :  (1) such m a t e r i a l  has  n e t  been used i n  

t h i c k n e s s e s  of l ess  than  Y i nch ,  and ( 2 )  t h e r e  i s  no d a t a  

on t h e  performance o r  a c t u a l  conduc t iv i ty  above l i q u i d  

n i t r o g e n  temperatures .  Although t h e  r a d i a t i o n  t r a n s f e r  i s  

extremely impor tan t  a t  77'K, it may w e l l  be  t h a t  t h e s e  

i n s u l a t o r s  a r e  r a t h e r  poor  i n  t h e  r e g i m  from 200° t o  

300'K. S t i l l  ano the r  f a c t o r  t h a t  m u s t  be cons idered  i s  t h e  

problem of t h e  vacuum requ i r ed ,  and t h e  c q n s t r u c t i o n  necessary  

t o  hold  low p r e s s u r e s  f o r  s e v e r a l  months. F igure  5 shows 

a graph of a number of t h e s e  i n s u l a t i o n s  a s  a f u n c t i o n  of 

vacuum. For  comparison purposes,  t h e  insu l foam p r e s e n t l y  

used has  a thermal  conduc t iv i ty  of approximately 210 p 
w a t t s  cm/cm2 OK. 

a s  p o s s i b l e ,  k l p a r  w i l l  cons ider  t h e s e  i n s u l a t i o n s  f u r t h e r  

i n  t h e  nex t  phase. 

To des ign  t h e  p r o t o t y p e  a s  e f f i c i e n t l y  

One method f o r  improving t h e  i n s u l a t i o n  p r o p e r t i e s  

of t h e  foamed i n s u l a t i o n s  a l s o  remains t o  be c m s i d e r e d .  

This  i s  t h e  e f f e c t  of vacuum upon t h e  foamed i n s u l a t i o n s .  

S i n c e  t h e  l a b o r a t o r y  model h a s  been packaged i n  a h e r m e t i c a l l y  

s e a l e d  can ,  it would a l s o  be  p o s s i b l e  t o  evacuate  t h e  whole 

u n i t  i n  o r d e r  t o  lower t h e  conduc t iv i ty .  This  may prove t o  

be a good compromise between t h e  s u p e r i n s u l a t o r s  and t h e  

p r e s e n t  foam. 

3.2.4 The I n t e g r a t e d  Oven Package --- ----e- 

The packaging of a l l  of t h e  l a b o r a t o r y  compments-- 
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Function of Vacuum or Pressure 1 29 
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I chromatograph, e l e c t r o n i c s ,  and h e a t i n g  system--into one 

i n t e g r a t e d  u n i t  w i l l  r e q u i r e  t h e  e f f i c i e n t  u t i l i z a t i o n  of 

every cubic  i n c h  of space.  

S i n c e  t h e  s o l i d - s t a t e  e l e c t r o n i c s  t o  be used i n  t h i s  

a p p a r a t u s  r e q u i r e  tempera tures  of t h e  o r d e r  of 250% f o r  

o p e r a t i o n ,  k l p a r  w i l l  make use of t h e  h e a t  escaping from 

t h e  chromatograph chamber t o  p rovide  t h e  necessary  environment. 

F igu re  6 shows a graph of t h e  tempera ture  between t h e  

two 3/8-inch-thick l a y e r s  of i n s u l a t i o n  used i n  one of t h e  

chemical h e a t i n g  experiments.  

t h e  times a t  which t h e  chemical h e a t e r s  were f i r e d .  The i n s e r t  

ske tch  shows t h i s  sequence and t h e  l o c a t i o n  of t h e  thermocouple 

i n  t h i s  i n s u l a t i o n .  

a s  proposed,  t o  f i r e  f o u r  small charges  i n  p l a c e  of one 

b i g  charge  would even o u t  t h i s  curve and reduce  t h e  peak 

tempera tures  t o  a much more t o l e r a b l e  s i t u a t i o n .  Cn t h i s  

b a s i s ,  it would seem q u i t e  f e a s i b l e  t o  mount t h e  components 

on curved p r i n t e d  c i r c u i t  boards a t  t h i s  p o i n t  and i n  t h e  

co rne r s .  

The  d e l t a  va lues  r e p r e s e n t  

The modi f ica t ion  of t h e  h e a t i n g  system, 

F i g u r e  7 shows a sketch of t h e  a r e a s  t h a t  could  be 

u t i l i z e d  f o r  t h i s  purpose.  A s  shown, some 62 cubic  i n c h e s  

a r e  a v a i l a b l e .  A more d e t a i l e d  c o n s i d e r a t i o n  of t h e  e v e r a l l  

packaging w i l l  b e  g iven  i n  a l a t e r  s e c t i o n .  
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3.3 Mechanical ComDonents 

3.3.1 I n t r o d u c t i o n  

The s a t i s f a c t o r y  des ign  and development of a bread- 

board g a s  chromatograph f o r  t h e  Mart ian atmosphere w i l l  

depend heav i ly  on a s a t i s f a c t o r y  d e s i g n  f o r  a c a r r i e r - g a s  

and atmospheric  gas-flow-control system. It w i l l  be 

necessary  t o  s t o r e  a carr ier  gas  f o r  t h e  chromatograph and 

t o  supply t h e  Martian atmosphere gas  and provide s a t i s -  

f a c t o r y  means of i n j e c t i n g  t h e  sample g a s  i n t o  t h e  columns 

and d e t e c t o r s .  The des ign  of t h i s  system w i l l  be b a s i c a l l y  

d iv ided  i n t o  g e n e r a l  c a t e g o r i e s  i nc lud ing  t h e  c a r r i e r  gas- 

c o n t r o l  system, t h e  atmosphere gas -con t ro l  system, t h e  

i n j e c t o r  and columns, and the squ ib  o p e r a t i o n  con t ro l .  Each 

of t h e s e  a r e a s  invo lve  p a r t i c u l a r  d e s i g n  problems, and t h e  

s a t i s f a c t o r y  i n t e r r e l a t i o n  and i n t e g r a t i o n  of t h e  systems 

w i l l  be necessary  t o  provide a r e l i a b l e  f low-cont ro l  system. 

3.3.2 Genera l  C ons ide ra t ions  f o r  t h e  Flow System 

To e s t a b l i s h  t h e  des ign  c h a r a c t e r i s t i c s  of components 

i n  t h e  system it i s  necessary t o  assume c e r t a i n  parameters  

of g a s  f low and p r e s s u r e  fo r  o p e r a t i o n  of t h e  chromatograph. 

These parameters  have been e s t a b l i s h e d  based on an  ex t ra -  

p o l a t i o n  of t h e  experimental  work wi th  t h e  l a b o r a t o r y  model. 

A t  t h e  c r i t i c a l  o r i f i c e ,  which i s  placed a t  t h e  end of t h e  

system, a f low of 60 m i l l i l e t e r s  per m i n u t e  w i l l  be r e q u i r e d  

w i t h  a p r e s s u r e  d rop  of  60 ps i a .  Ambient atmosphere pressure 
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changes w i l l  not  a f f e c t  t h i s  p ressure  because of t h e  charac-  

t e r i s t i c s  of t h e  c r i t i c a l  o r i f i c e .  The columns w i l l  r e q u i r e  

a head p res su re  of 120 p s i a ,  and assuming i so thermal  expansion, 

t h i s  w i l l  r e f l e c t  a f low a t  t h e  en t rance  t o  t h e  columns of 

30 m i l l i l e t e r s  per  m i n u t e .  For purposes of pre l iminary  

c a l c u l a t i o n s  t h e  p re s su re  drop through t h e  i n j e c t o r  va lve  

i s  assumed t o  be n e g l i g i b l e .  

A severe  temperature  change i s  expected t o  be experienced 

between t h e  i n j e c t o r  va lve  and t h e  pressure r e g u l a t o r  because 

t h e  i n j e c t o r  va lve  w i l l  be enclosed wi th in  t h e  the rmi t e  oven 

and t h e  p re s su re  r e g u l a t o r  will be e x t e r n a l  t o  t h e  oven and 

i t s  i n s u l a t i o n .  

tu re  of 300°K at t h e  va lve ,  and a temperature  of 140°K a t  

t h e  r e g u l a t o r ,  t h e  r e q u i r e d  f low r a t e  a t  t h e  r e g u l a t o r  w i l l  

be 14 mi l l i l i t e r s  per  minute. The necessary pressure  i s  

assumed t o  be 120 p s i a  a t  t h e  r e g u l a t o r  and near ly  cons t an t  

t o  t h e  head of t h e  columns. The pressur ized  c a r r i e r  gas  tank 

i s  a l s o  assumed t o  be a t  t h e  same temperature  as  t h e  r e g u l a t o r ,  

t h a t  i s  14O0K. 

p s i a  a t  room temperature (300°K), t h e  p re s su re  a t  t h e  low 

temperature  would be approximately 2800 p s i a .  

i so the rma l  expansion, t h e  f l o w  leaving  t h e  t a n k  would be 0.6 

mi l l i l e te rs  per  minute. 

t h a t  t h e  f low of 0.6 mil l i le ters  per minute f rom t h e  t a n k  

w i l l  be r equ i r ed  f o r  a per iod t o t a l i n g  80 minu tes .  

Assuming a d i a b a t i c  expansion w i t h  a tempera- 

If t h e  tank  i s  f i l l e d  t o  a p re s su re  of 6000 

Again assuming 

The l a s t  assumption t o  be made i s  

I n  t h e  
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event  t h a t  t h e  temperature  of t h e  r e g u l a t o r  and tank a r e  

higher  than  t h e  expected 140°K, t h e  f low r a t e s  w i l l  be h i g h e r  

a t  t h e s e  p o i n t s  but  w i l l  be compensated by t h e  a d i a b a t i c  

expansion i n t o  t h e  i n j e c t o r  valve.  

3.3.3 C a r r i e r  Gas-Control System 

The c a r r i e r  gas-control  system w i l l  c o n s i s t  e s s e n t i a l l y  

of t h e  pressure tank and a squib-operated s e a l  t o  open 

t h e  tank upon e n t r y  i n t o  the  Martian atmosphere,  and a 

p re s su re  r e g u l a t o r  t o  provide the  helium f low a t  t h e  proper 

p re s su re  t o  t h e  i n j e c t i o n  valve and t h e  columns. 

t h e  course  of t h e  r e s e a r c h  phase on t h i s  program t h e  a v a i l -  

a b i l i t y  of pressure tanks  as well a s  min ia tu re  r e g u l a t o r s  

was i n v e s t i g a t e d .  It was determined t h a t  s e v e r a l  sources  

f o r  t h e  procurement of t h e  pressure tank f a b r i c a t e d  i n  

t i t a n i u m  meta l  were a v a i l a b l e  a s  well a s  s e v e r a l  sources  f o r  

min ia tu re  r e g u l a t o r s .  

D u r i n g  

3.3.3.1 Pressure  Tank and Seal :  The useable  volume of 

t h e  p re s su re  tank  which would supply 0.6 m i l l i l i t e r  per m i n u t e  

for hel ium f o r  a per iod of 80 m i n u t e s  would be approximately 

48 mil l i l i t e r s ,  o r  near 3 cubic inches .  Consider ing t h i s  

component i n d i v i d u a l l y ,  t h e  optimum conf igu ra t ion  f o r  a maximum 

supply of he l ium with a minimum weight of t h e  con ta ine r  tank 

would be a sphere.  The use of t i t a n i u m  meta l  f o r  t h e  

c o n s t r u c t i o n  of t h i s  sphere w i l l  a l s o  provide t h e  best weight- 

s t r e n g t h  r a t i o  p r a c t i c a l .  T h i s  i s  t h e  conf igu ra t ion  which i s  
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proposed, and t h e  i n t e r n a l  diameter of t h i s  sphere w i l l  be 

1.79 inches .  Because t h e  t a n k  as well a s  t h e  remainder of 

t h e  chromatograph system w i l l  be subjec ted  t o  s t e r i l i z a t i o n  

temperatures  of 145OC, i t  w i l l  be necessary t o  a s s u r e  t h a t  

t h e  tank  w i l l  wi thstand t h e  increased  pressure due t o  t h e  

increased  temper a t  ure . Prel iminary ca l c  u l a t i o n s  i n d i c a t e  

t h a t  t h i s  pressure may be as  high as 1800 p.s . i .a .  There- 

f o r e ,  t h e  minimum requ i r ed  th ickness  of t h e  tank wa l l  w i l l  

be 0.065 inch.  

F igure  8 shows a design concept  f o r  a pressure tank  

w i t h  an i n t e g r a t e d  squib  ac tua to r  sea l  device .  The t a n k  

w i l l  be cons t ruc ted  i n  two hemispheres. 

have a pro t ruding  c y l i n d r i c a l  t i p  with a c losed  end which 

w i l l  be placed i n  a p o s i t i o n  t o  be ruptured  by t h e  squ ib  

a c t u a t o r .  

p o r t  which w i l l  be sea led  a f t e r  t h e  helium f i l l i n g  i s  completed. 

The two hemispheres will be welded toge the r  and ground smooth 

t o  ensure t h a t  no high s t r e s s  po in t s  develop because of 

sharp  edges or indentures .  

f i r i n g  t h e  squib  and a f t e r  f i r i n g  t h e  squib.  The squ ib  w i l l  

be cons t ruc ted  i n  such a manner t h a t  a bel lows sea l  between 

p i s t o n  and cy l inde r  w i l l  prevent any of t h e  gases r e s u l t i n g  

from t h e  squib  a c t i o n  from en te r ing  t h e  helium stream. The 

e x i t  p o r t  of t h e  pressure tank and s e a l  w i l l  be connected 

d i r e c t l y  t o  t h e  pressure  r egu la to r .  Sources  contac ted  by 

One hemisphere w i l l  

The second hemisphere w i l l  c o n t a i n  t h e  f i l l i n g  

Figure B shows t h e  u n i t  both before  
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Melpar i n  connect ion w i t h  supplying t h e  t i t a n i u m  p res su re  

v e s s e l  a r e  as fol lows:  

Burbank, C a l i f o r n i a ,  and the Brooks and Perk ins  Company, 

D e t r o i t ,  Michigan. 

t h e  Menasco Manufacturing Company, 

The tank may be f i l l e d  by cool ing  it a t  a low tempera- 

t u r e  (such as  l i q u i d  n i t rogen)  and t h e n  f i l l i n g  i t  a t  a v a i l -  

a b l e  tank pressures. I f  t he  charging p res su re  i s  proper ,  

a pressure of 60 p s i  w i l l  be r e a l i z e d  when t h e  sphere  i s  

heated t o  room temperature. 

3.3.3.2 Reaula tor :  Most common r e g u l a t o r s  a re  designed 

t o  u t i l i z e  a l a r g e  diameter  f l a t  diaphram opera t ing  i n  con- 

j u n c t i o n  with a needle  valve and pressure sp r ing  t o  a l low a 

bui ldup t o  a predetermined pressure before  c los ing .  Miniature 

va lves  u t i l i z i n g  t h i s  design are a v a i l a b l e  which would meet 

t h e  pressure r e g u l a t i o n  and temperature requirements  f o r  t h i s  

p r o j e c t .  However, t h e  bas ic  conf igu ra t ion  does not  

p a r t i c u l a r l y  lend i t s e l f  t o  a s u i t a b l e  arrangement w i t h  t h e  

o v e r a l l  gas  chromatograph u n i t .  One s u p p l i e r  of t h i s  type  

of va lve  i s  t h e  S t e r e r  Engineering and Manufacturing Company, 

North Hollywood, Cal i forn ia .  

F igu re  9 shows a design u t i l i z i n g  a s l i g h t l y  d i f f e r e n t  

p r i n c i p l e  of ope ra t ion  which w i l l  provide a s u i t a b l e  con- 

f i g u r a t i o n  and a t  t h e  same time meet t h e  requirements  of 

press we r e g u l a t i o n ,  temper a t  u r  e, and m i n i a t u r i z a t i o n  r equ i r ed  

f o r  t h i s  program. T h i s  device i s  a v a i l a b l e  from Wallace 0. 
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Leonard Inc . ,  Pasadena, C a l i f o r n i a .  

have been contac ted  by Melpar t o  ensure  t h e  a v a i l a b i l i t y  

of  t h e  dev ices .  

used by t h e  Leonard Company would be more s u i t a b l e ;  t h e i r  

va lve  i s  t h e r e f o r e  considered t o  be t h e  type  t o  be used 

i n  t h e  breadboard u n i t .  

Both of t h e s e  companies 

It appears  a t  t h i s  time t h a t  t h e  c o n f i g u r a t i o n  

3.3.4 AtmosDhere Gas-Control System 

Two g e n e r a l  problem a r e a s  i n  t h e  atmosphere gas-  

c o n t r o l  system involved t h e  s e a l i n g  of t h e  system from e x t e r n a l  

contaminat ion p r i o r  t o  i n j e c t i o n  a t  t h e  Mart ian atmosphere 

and a method of ensur ing  passage of t h e  atmospheric sample 

through t h e  sample loop  a f t e r  t h e  v e h i c l e  has  h i t  t h e  surface 

of Mars. 

f l u s h e d  and f i l l e d  wi th  helium p r i o r  t o  f i n a l  assembly. 

t h i s  time a p o s i t i v e  hermetic  i n l e t  s e a l  will be provided 

as  well a s  a p o s i t i v e  hermetic  exhaust  s e a l .  Both of these 

seals w i l l  be rup tu red  by squib  a c t u a t o r s  when t h e  ins t rument  

i s  a c t i v a t e d .  

It i s  proposed t h a t  t h e  f low-cont ro l  system be 

A t  

3.3.4.1 I n l e t  S e a l  and Manifold: F igure  10 shows t h e  

concept envis ioned  f o r  t h e  pro to type  d e s i g n  f o r  t h e  i n l e t  

seal.  An o f f s e t - t y p e  s e a l  i s  used he re  merely t o  g i v e  more 

f l e x i b i l i t y  i n  t h e  placement of t h e  dev ice  i n  t h e  end panel  

of t h e  instrument .  

a manifold w i l l  l ead  from t h i s  i n l e t  p o r t  sea l  t o  t h e  i n j e c t o r  

va lve  i n  t h e  oven. 

A s h o r t  l eng th  of t ub ing  c o n s t i t u t i n g  

I 
Ik  
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Figure 10. Inlet P o r t  and Seal  



If t h e  veh ic l e  uses a b l a t i v e  m a t e r i a l s  f o r  a tmospheric  

e n t r y ,  it would be d e s i r a b l e  t o  ensure t h a t  t o t a l  u t i l i z a t i o n  

of t h e  a b l a t i o n  mater ia l s  occurs p r i o r  t o  in s t rumen t  sampling. 

I f  a scoop i s  used f o r  sample p i ckup  it should be sea led  

closed u n t i l  a b l a t i o n  i s  complete and then  r e l e a s e d  by 

explos ive  b o l t s  or squib  l a t ches .  

from t h e  scoop t o  t h e  instrument  i n l e t  p o r t  should be s h o r t  

The manifold lead ing  

and n o n r e s t r i c t i v e .  I n  add i t ion ,  t h e  scoop i n l e t  and exhaust 

p o r t  i n  t h e  capsule  m u s t  be so loca ted  and designed t o  ensure 

passage of t h e  a tmospheric  gases a f t e r  impact.  

The u n i t  w i l l  be designed t o  provide one i n t e g r a l  exhaust  

f o r  both t h e  a tmospheric  gas sample loop and t h e  e f f l u e n t  

from t h e  chromatographic columns. 

a Venturi  tube  i n  t h e  exhaust  w i l l  e f f e c t i v e l y  pump atmospheric  

sample through t h e  sample loop  a f t e r  impact.  

o r i f i c e  w i l l  be incorporated i n t o  t h e  Ventur i  i n  c o n t r o l l i n g  

t h e  c a r r i e r  gas f low through t h e  columns. It i s  a n t i c i p a t e d  

t h a t  t h i s  device  can be minia tur ized  as  shown i n  f i g u r e  11 

( f u l l  s ize) ,  The atmospheric gas w i l l  be d i r e c t e d  through 

a manifold from t h e  sample loop o u t l e t  i n  t h e  i n j e c t o r  va lve  

t o  a s i d e  p o r t  i n  t h i s  gas  pump; and t h e  column e f f l u e n t  w i l l  

be f e d  through t h e  c r i t i c a l  o r i f i c e  and t h e n  d i r e c t e d  a t  t h e  

t h r o a t  of t h e  Ventur i  tube.  

l abo ra to ry  model (Volume 11) i t  may be seen t h a t  with t h e  

higher  p re s su re  a t  t h e  c r i t i c a l  o r i f i c e ,  60 p s i a ,  a cons iderably  

With such an arrangement 

A c r i t i c a l  

Refer r ing  t o  t h e  r e p o r t  on t h e  
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Figure ll, Exhaust Seal and Gas Pump 
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l a r g e r  f low of t h e  atmospheric gas may be expected through 

t h e  sample loop. Although t h e  4-to-1 f low r a t i o  (sample t o  

helium f low)  may n o t  s t i l l  hold t rue ,  t h e  f low w i l l  c e r t a i n l y  

be s u f f i c i e n t .  Downstream from t h e  gas pump a squib- 

ac tua t ed  sea l  w i l l  be placed d i r e c t l y  i n  l i n e  w i t h  t h e  a x i s  

of t h e  pump. T h i s  w i l l  be an hermetic  s e a l  and w i l l  be squib  

ac tua ted  a s  shown i n  t h e  € i g u r e  11, It i s  d e s i r a b l e  t o  

a r r ange  t h e  placement of t he  gas chromatograph instrument  

i n  t h e  capsule  i n  a manner so t h a t  t h e  e x i t  f low f rom t h i s  

gas pump t o  t h e  o u t s i d e  atmosphere w i l l  not  be p a r t i c u l a r l y  

r e s t r i c t e d  or i n h i b i t e d .  Some small  r e s t r i c t i o n  due t o  t h e  

l eng th  of manifold or  a f e w  t u r n s  may be acceptab le .  

3.3.5 SamPle In - i ec t ion  and Columns 

To minimize temperature  change effects  on t h e  chromato- 

graphic  a n a l y s i s  by t h e  i n j e c t o r  va lve ,  t h e  i n j e c t o r  va lve  

w i l l  be placed i n  t h e  oven with i t s  a x i s  p a r a l l e l  t o  t h e  

ax i s  of t h e  c o i l  of columns and sample loop. 

3.3,5.1 I n j e c t o r  Operat ion and Sea l inq :  The i n j e c t o r  

valve which i s  proposed for use i n  t h e  breadboard and proto- 

type  models i s  i d e n t i c a l  i n  ope ra t ion  w i t h  t h e  u n i t  used on 

t h e  l a b o r a t o r y  model w i t h  t he  except ion  t h a t  t h e  s l o t t e d  

s u r f a c e  which was used i n  the  Teflon s l i d e r  i s  now a spool  

s e c t i o n  which w i l l  not  r e q u i r e  a backup spr ing .  Figure 12 

shows an exploded view of the i n j e c t o r  va lve  proposed. 

of t h e  p o r t s  leading i n t o  the va lve  w i l l  come i n  through t h e  

A l l  
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basep la t e  and e n t e r  t h e  c y i i n d r i c a l  s e c t i o n  i n  t h e  cen te r  of 

t h e  valve.  T h i s  c y l i n d r i c a l  s e c t i o n  w i l l  be l i n e d  w i t h  a Tefbon- 

depos i t ed  su r face .  

provide a f i n e  f i n i s h  sea l ing  sur face  wi th  t h e  s t a i n l e s s  

s t e e l  spool.  The s t a i n l e s s  s t ee l  spool  w i l l  conta in  t h e  

s l o t s  f o r  i n t e rconnec t ion  of t h e  p o r t s  upon a c t u a t i o n .  

These s ta in less  s tee l  spools w i l l  be f i n i s h e d  as wel l  t o  a 

f i n e  mating su r face  w i t h  t h e  Teflon depos i ted  Pining, The 

combination w i l l  provide long leak p a t h s  i n  any d i r e c t i o n  

as  well as mininize t h e  problems of Teflon cold flow. Af te r  

t h e  va lve  spool  has been inseTted and locked i n  p o s i t i o n  w i t h  

a locking key t o  prevent  r o t a t i o n ,  m e t a l l i c  bellows will be 

placed on each end of t h e  block t o  provide hermetic  s e a l i n g  

of t h e  valve a c t u a t i o n  sec t ion  from t h e  e x t e r n a l  a r e a ,  

This Tef lon  su r face  w i l l  be pol i shed  t o  

F igure  13 shows a c ross  sec t iof i  of t h e  proposed des ign  

f o r  t h i s  valve.  It may be seen t h a t  t h e  s i z e  of t h e  valve has 

been reduced considerablv from t h e  l a b o r a t o r y  model and t h a t  

t h e  u n i t  i s  now cons t ruc ted  of few p ieces .  

experimental  work w i t h  t h e  labora tory  model it was found 

t h a t  a p re s su re  change e f f e c t i n g  t h e  o p e r a t i o n  of t h e  columns 

and d e t e c t o r s  r e s u l t e d  when switching from t h e  sampling 

p o s i t i o n  t o  t h e  i n j e c t  p o s i t i o n  because of t h e  pressure drop 

through t h e  sample loop. Therefore,  a dummy loop  has been 

added t o  t h e  va lve  which w i l l  provide a compensating p res su re  

drop i n  each p o s i t i o n  of t h e  valve.  T h i s  arrangement a l s o  

As a r e s u l t  of 
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TOGGLE L I N K  SHEAR P I N  

TOGGLE L I N K  P I V O T  P I N  
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Figure 12. Sample Inject ion Valve 
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provides  f o r  t he  a d d i t i o n  of a second sample loop i f  t h i s  

should a t  some f u t u r e  p o i n t  prove d e s i r a b l e .  

of t h e s e  p o r t s  and in t e rconnec t ing  s l o t s  i n  t h e  spool  a r e  

shown i n  f i g u r e  14. 

The arrangement 

3.3.5.2 Column In te rconnec t ion  and Sea l inq :  The pro- 

posed d e s i g n  provides  f o r  t h e  wrapping of both t h e  columns 

and sample loop i n  a concentric form w i t h i n  t h e  i n t e r n a l  

d iameter  of t h e  oven. 

c e n t e r  w i th in  t h i s  h e l i x  the  d e t e c t o r s  w i l l  be in t e rconnec ted  

between t h e  t o p  of t h e  i n j e c t o r  valve and t h e  oppos i t e  s i d e  

of t h e  h e l i x  columns and sample loops.  

radius  i n  t h e  tub ing  coming o f f  t h e  h e l i x  w i l l  provide i n t e r -  

connec t ion  t o  t h e  d e t e c t o r s .  

i n  t h e  system be he rme t i ca l ly  sea l ed ,  

i n g  t h i s  which w i l l  be the  use of ceramic- o r  alumina-deposited 

tube ends  and j o i n i n g  of t hese  ends by means of braz ing ,  

Tubing connect ions which  a r e  r e q u i r e d  t o  go through t h e  oven 

walls  w i l l  have t r a n s i t i o n  s e c t i o n s  of i n s u l a t i n g  mater ia l  

bonded t o  t h e  tube  ends,  

With t h e  i n j e c t o r  valve placed o f f  

A s l i g h t l y  sharper  

It i s  in tended  t h a t  a l l  j o i n t s  

One method of accornplish- 

The columns t h e r e f o r e  w i l l  be sea l ed  w i t h i n  t h e  l i m i t s  

of t h e  f low system. That is, en t r ance  and exhaus t ,  c a r r i e r  

gas  tank ,  p re s su re  r e g u l a t o r ,  i n j e c t i o n  va lve  and all t ub ing  

w i l l  be sea l ed  f o r  t r a n s i t .  

3 .3 .6  Suuib ODeration Cont ro l  

Extens ive  u t i l i z a t i o n  of gas  squ ib  a c t u a t o r s  i n  t h e  
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Figure 4. Valve P o r t  Connections 
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breadboard and prototype designs provides  a h i g h  degree 

of e f f i c i e n c y  of a v a i l a b l e  power u t i l i z a t i o n .  

t h e  Atlas  Chemical Co. squibs which a r e  approximately 1- inch 

long and %inch d iameter ,  w i l l  prOduce a 5/16-inch p i s t o n  

stroke with a f o r c e  of 60 lbs .  

i n p u t  vo l t age  of 18 volts across 10-ohms r e s i s t a n c e  f o r  a matter 

of 3 t o  5 mi l l i seconds .  

power d r a i n  of t hese  squibs ,  an RC c i r c u i t  i s  proposed t o  be 

used d i r e c t l y  with t h e  28 vdc power i n  t h e  capsule .  

c i r c u i t  a s  w e l l  a s  t h e  squib  i n t e r c o n n e c t i o n  i s  shown i n  

f i g u r e  15. After i n i t i a l  charge,  t h e  c i r c u i t  would no t  draw 

c u r r e n t  except a t  a slow r a t e  i n  recharg ing  t h e  c a p a c i t o r  

a f t e r  squib  f i r i n g .  

Re fe r r ing  t o  f i g u r e  25, note than  an  i n i t i a t o r  squib  switch 

For example, 

This i s  produced wi th  an 

To preclude pu l ses  due t o  t h e  sudden 

T h i s  

ensures t h a t  a l l  squib  l eads  a r e  s h o r t  c i r c u i t e d  p r i o r  t o  

func t ion ing .  A f u z i t e - t y p e  (fuze wire s p r i n g )  switch i s  used 

t o  s h o r t  t h e  i n i t i a t o r  squib.  Upon r e c e i v i n g  a command s t a r t  

pulse  the  f u z i t e  switch causes t h e  i n i t i a t o r  squ ib  t o  f i r e  

thereby breaking t h e  s h o r t  on a l l  o the r  squibs  and making 

proper  connect ions t o  t h e  master programmer. 

may be f i r e d  s imultaneously or i n  c l o s e  sequence t o  admit t h e  

sample gas. Squib B i s  f i r e d  next t o  i n i t i a t e  t h e  c a r r i e r  

gas  flow. 

w i t h  t h e  f i r s t ,  o r  any o ther  sample i n j e c t i o n  d e s i r a b l e .  

Squibs  C1, C3, C5 and C7 a r e  f i r e d  a t  t h e  beginning of each 

Squibs  A1 and 4 

1 
Squib B2 f o r  t h e  r e fe rence  gas sample may be f i r e d  
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sample i n j e c t i o n  t o  d i r e c t  the c a r r i e r  gas through t h e  sample 

loop .  

r e t u r n  s t r o k e s  of the i n j e c t o r  valve.  

Squibs C 2 ,  C4, c6 and c8 a r e  f i r e d  t o  accomplish t h e  
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3.4 E l e c t r o n i c s  Post  Desiqn Cons idera t ions  

3.4.1 In t roduc t ion  

This  i n i t i a l  s tudy  fo r  a Mars Gas Chromatograph i n  

t h e  e l e c t r o n i c s  f i e l d  has r e s u l t e d  i n  d e l i n e a t i o n  of t h e  

concept ,  and p r a c t i c a l  demonstration of a completely s o l i d -  

s t a t e  e l ec t rome te r  package, which i s  capable  of ope ra t ing  

i n  an optimum manner on t h e  outputs  of t h e  d e t e c t o r  c e l l s  

t o  produce a 0 t o  5 v o l t  s i g n a l  p ropor t iona l  t o  e i t h e r  t h e  

d e t e c t o r  c e l l ' s  c u r r e n t  o r  t h e  l o g a r i t h i m  of t h i s  c u r r e n t .  

Likewise, a l l  of t h e  a n c i l l a r y  c i r c u i t s  a s s o c i a t e d  wi th  

t h e  des ign ,  v iz ,  power supp l i e s  and r e g u l a t o r s ,  logar i thmic  

a m p l i f i e r s  and p r o g r a m e r  a r e  s e l e c t e d  t o  u t i l i z e  100% 

s o l i d - s t a t e  components. 

e l e c t r o n i c s  components t h a t  a r e  now es t ima ted  f o r  t h e  bread- 

board i s  shown i n  t a b l e  3. 

requirement  l eaves  2.5 wat t s  t h a t  may be used i n  oven hea t ing  

if d e s i r e d ) .  

The power d r a i n  of t h e  i n d i v i d u a l  

(Note t h a t  t h e  1.5 wat t  power 

The problem now a r i s e s  as  t o  t h e  a p p l i c a b i l i t y  of t h e s e  

des igns  t o  t h e  weight, power and r e l i a b i l i t y  requirements  

of t h e  equipment t h a t  m u s t  a c t u a l l y  be launched i n t o  space,  

a b i l i t y  t o  surv ive  t h e  r i g o r s  of t h e  launch, t h e  voyage 

through space,  e n t r y  i n t o  t h e  Mart ian atmosphere and impact 

(even though it i s  easy )  on t h e  su r face  of t h e  p l ane t .  The 

b a s i c  choice  of s o l i d  s t a t e  des ign  i s  considered t o  be a good 

s t a r t  f o r  minimizing weight and power consumption and i n s u r i n g  
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TABLE 3 

POWER CONSUMPTION FOR ELECTRONICS 

2 Electrometer Amplifiers 

2 Logarithmic Amplifiers 

2 Feedback Amplifiers 

1 Detector Cell Power Supplies 

1 Electronics Power Supply 

1 Programmer I 

1 Programmer I1 

300 milliwatts 

170 t1 

170 n 

20 (1 

600 I? 

n 50 

150 n 

Total 1.46 watts 
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a des ign  capable  of super ior  r e l i a b i l i t y  i n  t h e  f a c e  of 

s eve re  shock and v i b r a t i o n .  Every e f f o r t  has been t aken  t o  

minimize t h e  use of r o t a t i n g  and t r a n s l a t i o n a l  mechanical  

components t o  f u r t h e r  move toward the  g o a l  of t h e  u l t i m a t e  

i n  mechanical  r e l i a b i l i t y .  

For t h e  next  s t e p  of t h i s  program, it i s  recommended 

t h a t  t h e  b a s i c  des igns  which have been e s t a b l i s h e d  be c a r e f u l l y  

reviewed, and where necessary a p p r o p r i a t e l y  modified t o  

real ize  f u l l y  t h e  p o t e n t i a l  of t h e  i n h e r e n t  mechanical and 

e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  concepts  involved for produc- 

t i o n  of a system of minimum s i z e ,  weight,  and power consumption 

and possessing high r e l i a b i l i t y .  It i s  recommended t h a t  t h e s e  

des igns  be breadboarded and t e s t e d  t o  experimental ly  a s c e r t a i n  

t h e i r  c a p a b i l i t y  t o  perform s a t i s f a c t o r i l y  a f t e r  being subjec ted  

t o  t h e  r i g o r s  of t h e  space voyage, both during t h e  t r a n s i t  

through t h e  Mart ian atmosphere and a f t e r  s o f t  impact on t h e  

p l a n e t  t s su r face .  

I n  t h e  fol lowing sec t ions ,  cons ide ra t ion  of t h e  g e n e r a l  

environmental  cond i t ions  a r e  presented and t h e  des ign  philosophy 

and possible a l t e r n a t e  approaches are considered f o r  t h e  elec- 

t rometer  ampl i f ie r  ( inc luding  feedback a m p l i f i e r ) ,  l oga r i thmic  

a m p l i f i e r ,  power supp l i e s ,  programmer, and squib  c o n t r o l  

c i r c u i t .  

F i n a l l y ,  a d i s c u s s i o n  concerning t h e  d a t a  processing 

is presented.  T h i s  s u b j e c t  i s  reviewed i n  l i g h t  of t h e  f i n d i n g s  
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made dur ing  t h i s  study. 

3.4.2 General  Environmental Cons idera t ions  

Before proceeding w i t h  t h e  d i s c u s s i o n  of s p e c i f i c  

components of t h e  e l e c t r o n i c s  subsystems consider  t h e  gene ra l  

n a t u r e  of t h e  environment t o  which t h e  system m u s t  be 

subjec ted .  

without  any d e t e r i o r a t i o n  i n  t h e  hea t ing  and gaseous atmosphere 

of t h e  s t e r i l i z a t i o n .  

of t h i s  t rea tment  t h e  temperature  w i l l  be maintained a t  145OC 

f o r  36 hours  and t h i s  t reatment  w i l l  be repea ted  a number of 

t imes.  The equipment w i l l  then be subjec ted  t o  a b i o l o g i c a l  

s t e r i l i z a t i o n  gas ,  probably eb ty lene  oxide arid hence, f o r  

a per iod  of approximately li hours a t  2OoC and 35% r e l a t i v e  

humidity.  It i s  a l s o  poss ib le  t h a t  c e r t a i n  l i q u i d  s t e r i l a n t s  

may be employed. For t h e s e  s t e r i l i z a t i o n  t r ea tmen t s ,  t h e  

e l e c t r o n i c s  m u s t  be designed t o  surv ive  i n  t h e  non-operat ive 

s t a t e  without  any d e t e r i o r a t i o n .  

The components m u s t  be capable  of surv iv ing  

It i s  a n t i c i p a t e d  t h a t  dur ing  one phase 

From t h e  poin t  of view of shock and v i b r a t i o n  t h e  

equipment mus t  be capable of surv iv ing  t h e  shocks expected 

dur ing  handl ing,  t h e  v i b r a t i o n  expected du r ing  t r a n s p o r t a t i o n ,  

t h e  s t a t i c  a c c e l e r a t i o n  and v i b r a t i o n  of launch9 t h e  s t a t i c  

d e c e l e r a t i o n  of e n t r y  i n t o  the Mart ian atmosphere and t h e  

shock of a s o f t  landing on t h e  Martian su r face ,  

t h a t  s t a t i c  a c c e l e r a t i o n s  of +14 G and -6 G may occur dur ing  

launch and Mart ian atmosphere e n t r y ,  t h a t  random v i b r a t i o n  of 

It i s  expected 
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15 G f o r  6 seconds, 1OG f o r  180 sec  and 45 G f o r  360 seconds, 

using a white  gauss ian  noise  source with a bandpass from 15 

cps  t o  1500 cps and t h a t  shocks of 200 G with peak d u r a t i o n s  

of 0.5 t o  1.5 mi l l i s econds  m u s t  be endured without damage. 

E l e c t r i c a l l y ,  t h e  equipment should be expected t o  su rv ive  

unharmed OVER-VOLTAGES of poss ib ly  a s  g r e a t  a s  70% and t o  

e x h i b i t  R-F and magnetic f i e l d  i n t e r f e r e n c e  levels  no g r e a t e r  

t han  t h o s e  c u r r e n t l y  s t a t e d  i n  t h e  s p e c i f i c a t i o n s  f o r  t h e  

s u b j e c t  c o n t r a c t ,  v i z ,  t h e  magnetic f i e l d  m u s t  no t  exceed 1 

gamma a t  3.5 f e e t  from t h e  gas chromatograph package and no 

R-F r a d i a t i o n  capable  of i n t e r f e r r i n g  with o t h e r  u n i t s  of 

t h e  package s h a l l  be emit ted.  To meet t h e s e  requi rements ,  

p recau t ions  i n  wir ing  involv ing  t h e  use of recognized con- 

s t r i c t i o n  d i s c i p l i n e s ,  such a s  t w i s t e d  p a i r s ,  proper bonding, 

s h i e l d i n g ,  e tc . ,  t o  minimize i n t e r f e r e n c e  due t o  conduct ion 

( t h i s  i s  p a r t i c u l a r l y  important i n  t h e  high impedance p o r t i o n s  

of t h e  de tec tor -e lec t rometer  system), e l e c t r o s t a t i c  i nduc t ion ,  

e lec t romagnet ic  i nduc t ion ,  c ros s - t a lk ,  j u n c t i o n  of thermal  

p o t e n t i a l s ,  and ground loops w i l l  be s t r i c t l y  adhered t o .  

One p o i n t  of c r u c i a l  importance i s  t h e  p o t e n t i a l  which can be 

genera ted  by mechanical v i b r a t i o n  of t h e  high impedance l eads  

in t e rconnec t ing  t h e  d e t e c t o r s  and e l ec t rome te r  a m p l i f i e r  . 
V i b r a t i o n  of t h e s e  l e a d s  can produce s i g n i f i c a n t  undesired 

p e r t u r b a t i o n  i n  t h e  e lec t rometer  ou tput .  

t h e  connect ions involved must be kep t  a s  s h o r t  a s  p o s s i b l e  and 

To avoid t h i s ,  
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be c o n s t r i c t e d  i n  a very  r i g i d  manner. 

probably no t  s a t i s f a c t o r y  t o  t h i s  a p p l i c a t i o n ,  

F l e x i b l e  l e a d s  a r e  

Concerning temperature ,  i t  i s  expected t h a t  du r ing  non- 

o p e r a t i n g  c o n d i t i o n s  t h e  temperature  may range  from a high 

of 73OC t o  a low of -133OC. 

su rv ive  tempera tures  w i t h i n  t h e s e  l imits i n  non-operative 

c o n d i t i o n s  wi thout  damage with t h e  p o s s i b l e  excep t ion  of 

t h e  programmer. 

WAFM up, i t  may have t o  OPERATE a t  a tempera ture  c l o s e  t o  t h e  

minimum s t a t e d  above. 

of a l l  o t h e r  e l e c t r o n i c  components may be somewhat r e l a x e d  

s i n c e  advantage can be taken of t h e  f a c t  t h a t  t h e  oven must 

warm-up and some of t h e  energy w i l l  probably be a v a i l a b l e  f o r  

warming up t h e  e l e c t r o n i c s  u n i t s ,  

3 .4 .3  Proqramminq 

Components must be s e l e c t e d  t o  

S ince  t h e  programmer m u s t  i n i t i a t e  t h e  system 

Temperature c o n d i t i o n s  f o r  o p e r a t i o n  

It w i l l  be necessary t o  c o n t r o l  t h e  success ion  of 

o p e r a t i o n s  performed i n  t h e  gas chromatograph sonde. 

o p e r a t i o n s  f a l l  i n  two r e l a t i v e l y  d i s t i n c t  c l a s s e s  each 

l o g i c a l l y  r e q u i r i n g  s e p a r a t e  programming f u n c t i o n s .  

fo r  t h e  purpose of t h i s  d i s c u s s i o n  one may t h i n k  of t h e  

o v e r a l l  programmer as being comprised of two programming u n i t s ,  

These have been des igna ted  as  Programmer I and Programmer 11, 

r e s p e c t i v e l y ,  i n  t h e  d i s c u s s i o n  which fo l lows .  

These 

Hence, 

The f u n c t i o n  of Programmer I i s  t o  i n i t i a t e  and c o n t r o l  

t h e  system warm-up. The f u n c t i o n  of Programmer I1 i s  t o  
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i n i t i a t e  and c o n t r o l  t h e  events  p e r t i n e n t  t o  t h e  a c t u a l  

chromatographic a n a l y s i s .  

e l ec t rome te r  ampl i f i e r  i n i t i a l  zeroing and a c t i v a t i o n  of t h e  

sample i n j e c t i o n  valve.  

programmers are d e t a i l e d  i n  t a b l e  4. Design of t h e  c i r c u i t s  

f o r  a l l  s o l i d - s t a t e  p r o g r a m e r s  a r e  d iscussed  i n  t h e  

fo l lowing  paragraphs.  

Typical  of t h e s e  func t ions  a r e  

Operat ions performed by t h e  two 

3.4.3.1 Proarammer No. x: For h e a t i n g  t h e  package,at  

presen$ twelve chemical h e a t e r s  are provided. 

thermal  con tac t  with t h e  case and w i l l  d i s t r i b u t e  i t s  hea t  

t o  t h e  package r a p i d l y .  Nevertheless ,  a f i n i t e  time i n t e r v a l  

m u s t  elapse a f t e r  f i r i n g  each hea te r  before  f i r i n g  t h e  next 

t o  i n s u r e  d i s t r i b u t i o n  of  heat  t o  t h e  thermosta t .  A t e n t a t i v e  

i n t e r v a l  of n i n e t y  seconds was der ived  experimental ly .  

p re sen t  chemical i g n i t e r s  each r e q u i r e  500 ma a t  three v o l t s  

f o r  t e n  seconds t o  i n s u r e  i g n i t i o n .  

heat may cause sho r t ing  of t h e  e l e c t r o d e s  w i t h i n  t h e  chemical 

c a r t r i d g e .  To prevent  t h i s  from r e s u l t i n g  i n  an  undue load 

on t h e  b a t t e r y  t h e  i g n i t i o n  c u r r e n t  should be i n t e r r u p t e d  

a f t e r  t e n  seconds.  

Each has good 

The 

The i n t e n s e  momentary 

Programmer No. I w i l l  c o n s i s t  of a min ia tu re  thermosta t  

t h a t  senses  t h e  temperature  of t h e  i n j e c t i o n  valve.  As long 

a s  t h i s  thermosta t  i n d i c a t e s  temperature  below ope ra t ing  range,  

i t  w i l l  supply s i g n a l  t o  a p u l s e  gene ra to r .  

t h i s  s i g n a l  and each n i n e t y  seconds t h e r e a f t e r ,  while t h e  

Upon r e c e i p t  of 

8 
8 
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T i m e  

0 t o  20 minutes 

20 minutes 

25 minutes 

39 minutes 

40 minutes 

40 t o  45 minutes 

45 minutes 

45 t o  50 minutes  

50 minutes 

5 1  minutes 

5 1  t o  56 minutes 

56 minutes 

56 t o  6 1  minutes 

6 1  minutes 

62 minutes 

62 t o  67 minutes 

67 minutes 

TABLE 4 

PROGRAM SCHEDULE 

Function 

F i r e  t h e r m i t i c  u n i t s  

Break s e a l s  on: 1. helium supply 
2 .  column e x i t  
3. sample en t r ance  

Energize power supply and a m p l i f i e r s  

Zero b a s e l i n e  

I n j e c t  f i r s t  sample 

Analyze f i r s t  sample 

Return sample va lve  f o r  2nd 
i n  j e c t i o n  

F lush  columns and acclimatize 
sample loop 

Zero b a s e l i n e  

I n j e c t  second sample 

Analyze second sample 

Return sample va lve  f o r  3rd 
i n  j e c t  i on  

Flush columns and a c c l i m a t i z e  
sample loop 

Zero b a s e l i n e  

I n j e c t  t h i r d  sample 

Analyze t h i r d  sample 

Turn o f f  

I 
I 



I 
I 
I 
1 
I 
8 
8 .  

s i g n a l  remains,  t h e  p u l s e  genera tor  w i l l  produce an ou tpu t  

pu lse .  

which w i l l  extend i t s  d u r a t i o n  t o  t e n  seconds and pass it t o  

a n  e l e c t r o n i c  commutator o r  m u l t i p l e x e r ,  one ou tpu t  of which 

w i l l  be t o  each i g n i t e r .  

on ly  one chemical heater.  

m u l t i p l e x e r  w i l l  s t e p  t o  t h e  next  s t a t e  so t h a t  t h e  fo l lowing  

p u l s e  w i l l  i g n i t e  t h e  nex t  heater. 

Programmer No. I i s  shown i n  f i g u r e  16. 

The p u l s e  w i l l  be fed i n t o  a one-shot pu l se  s t r e t c h e r  

Each pu l se  e n t e r i n g  w i l l  i g n i t e  

Upon s e c e s s i o n  of each p u l s e  t h e  

A block diagram of 

The Programmer I c i r c u i t  i nvo lves  t h e  use of t r a n s i s t o r  

f l i p - f l o p s  and g a t e s  sequenced by a pu l se  advanced a long  an 

e l e c t r o n i c  s o l i d - s t a t e  s h i f t  r e g i s t e r .  A l l  of t h e  c i r c u i t s  

involved are of t h e  b ina ry  type  and can be f a b r i c a t e d  using 

commercially available s i l i c o n  t r a n s i s t o r s  t o  meet t h e  

environmental  cond i t ions  a n t i c i p a t e d .  

A p o s s i b l e  a l t e r n a t e  approach might i n c o r p o r a t e  a p u l s e  

gene ra to r  ope ra t ing  an e lec t romechanica l  s t epp ing  switch.  

However, it i s  probable  t h a t  such a d e s i g n  would be of g r e a t e r  

o v e r a l l  weight,  possess  no power consumption advantage and 

be less r e l i a b l e .  

3.4.3.2 Prosrammer No. : The timed f u n c t i o n s  are  

most ly  of t h e  t ype  r e q u i r i n g  i n i t i a t i o n  only.  

of t h e  s t a r t  p u l s e  i s  unimportant. 

t o  a c t u a t e  t h e  i n j e c t i o n  valve are  timed f u n c t i o n s  of t h i s  

na tu re .  

The d u r a t i o n  

The f i r i n g  of squ ibs  

Other o p e r a t i o n s  r e q u i r e  c o n t r o l l e d  f i n i t e  d u r a t i o n  
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such as t h e  ze ro ing  of t h e  e lec t rometer  amplif ier  b a s e l i n e ,  

To c o n t r o l  t h e s e  f u n c t i o n s  a binary e l e c t r o n i c  c lock has been 

provided. The e l e c t r o n i c  clock w i l l  c o n s i s t  of a f ree-running 

m u l t i v i b r a t o r  ope ra t ing  a t  about e i g h t  cyc le s  per  second. 

T h i s  m u l t i v i b r a t o r  w i l l  be frequency s t a b l e  t o  about  one 

p a r t  i n  one thousand or b e t t e r  and w i l l  be t h e  primary time 

reference f o r  t h e  gas  a n a l y s i s  system. The m u l t i v i b r a t o r  

w i l l  d r i v e  t h e  first of a s t r i n g  of f i f t e e n  binary frequency 

d i v i d e r  f l i p - f l o p s .  I n  order t h a t  changing load cond i t ions  

w i l l  no t  a f f e c t  t h e  frequency s t a b i l i t y  of t h e  m u l t i v i b r a t o r ,  

t h e  f i r s t  f l i p - f l o p  w i l l  be i t s  only d i r e c t  load.  The out- 

p u t s  of Programmer No. I1 a re  der ived  from coincidence (and) 

g a t e s ,  t h e  i n p u t s  of which are t h e  f l i p - f l o p  outputs .  

case of momentary outputs ,  t h e  g a t e  i t s e l f  o r  a d r i v e r  a m p l i f i e r  

fo l lowing  t h e  g a t e  w i l l  s u f f i c e  t o  d r i v e  t h e  load. I n  t h e  

c a s e  of a sus t a ined  ou tpu t ,  two coincidence g a t e s  w i l l  be 

used. One w i l l  se t  a f l i p - f l o p  t o  i n i t i a t e  t h e  ope ra t ion ;  

t h e  o the r  w i l l  reset  t h e  same f l i p - f l o p  t o  t e rmina te  t h e  

opera t ion .  Where t h e  same opera t ion  i s  t o  be performed more 

than  once, morH g a t e s  w i l l  p e r m i t  s e t t i n g  and r e s e t t i n g  of 

f l i p - f l o p s  more than  once during t h e  gas  a n a l y s i s  procedure.  

A block diagram of Programmer No. I1 j s  presented  a s  f i g u r e  17. 

For examFle i’t might be required to i n i t i a t e  some funceion 

I n  t h e  

a t  24 minutes and terfainate a t  24 minutes and terminate a t  one 

minute la ter .  That is: it s t a r t s  a t  t i m e  0 e 1440 second8 and 
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Figure 17. Block Diagram of Programmer II 
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t e rmina te s  a t  0 + 1500 seconds, T rans l a t ing  t h e s e  i n t o  

b ina ry  0 + 1440 equals  0010110100000 and 0 + 1500 equa l s  

0010111011100. Corresponding ou tpu t s  from t h e  frequency 

d i v i d e r s  uniquely d e f i n e  t h e  time f o r  i n i t i a t i o n  and termina- 

t i o n  of thL subject opera t ion  a s  shown i n  f i g u r e  17. 

der ived  from t h e  second f l i p - f l o p  i s  used t o  provide a q u a r t e r  

second d e l a y  and thus  avoid problems a s s o c i a t e d  w i t h  f i n i t e  

pu lse  propagat ion t ime. Ce r t a in  s i m p l i f i c a t i o n s  a r e  p o s s i b l e  

i n  t h i s  arrangement such as t h e  omission of f i n a l  ze ro  i n p u t s  

i n  t h e  set  func t ion ,  This  f o r t u i t o u s  coincidence occurs  

because these  i n p u t s  can only change t o  1's with  t ime and t h e  

output  f l i p - f l o p  remains i n  t h e  s e t  s t a t e  dur ing  t h i s  time, 

T h i s  is a l s o  t rue  of t h e  f i n a l  ze ros  i n  t h e  r e s e t  func t ion .  

These s i m p l i f i c a t i o n s  r e su l t  i n  a small saving of hardware 

and t h e r e f o r e  weight .  It i s  p o s s i b l e  t o  e f f e c t  such sav ings  

i n  c a s e s  when they would not normally occur by t r a d i n g  t ime 

accuracy - t h e  accuracy w i t h  which t ime of occurence approxi-  

mates des ign  cen te r  - f o r  hardware saving. 

The s i g n a l  

It i s  t o  be pointed out  t h a t  t h e  system descr ibed  here  

i s  extremely l i g h t  i n  weight,  very compact, very r e l i a b l e ,  

and.  capable  of one-eighth second accuracy. Programmer No. I 

i s  s i m i l a r l y  l i g h t ,  r e l i a b l e  and compact. Both a re  completely 

s o l i d - s t a t e  devices  with t h e  p o s s i b l e  except ion  of t h e  

thermosta t .  The thermosta t  used i n  t h e  experimental  model 

contained moving contac ts .  Although i t  has n o t  been t r i e d  
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experimenta &y a s  p a r t  o t h i s  p r o j e c t ,  i t  i s  f e l t  t h a t  a 

the rmis to r  w i l l  f u n c t i o n  as  well o r  b e t t e r  and perform i t s  

ro le  more r e l i a b l y .  Moreover, i t s  cont inuous c o n t r o l  w i l l  

permit  ex te rna l  adjustment  of both t h e  end p o i n t  and h y s t e r e s i s  

of t h e  thermostat .  The clock of Programmer No. I1 w i l l  pro- 

v i d e  ou tpu t s  of time i n  p r e c i s e l y  t h e  proper  form f o r  coding 

t h e  i n s t a n t  o f  occurence of gas component peaks i f  t h i s  should 

be d e s i r a b l e .  

A p o s s i b l e  a l t e r n a t e  t iming programmer could c o n s i s t  

simply o f  a ramp genera tor  with Schmidt t r i g g e r s  t o  sense 

t h e  i n s t a n t  of i n t e r s e c t i o n  of t h e  ramp w i t h  a p r e s e t  vo l tage .  

The Schmidt t r i g g e r s  could con t ro l  d r i v e r  amplifiers or f l i p -  

f l o p s  t o  produce the  o u t p u t  commands. This scheme i s  more 

a t t r a c t i v e  t h a n  t h e  d i g i t a l  c lock,  from t h e  s tand po in t  of 

s i m p l t c i t y .  

f l o p s  thereby  reducing t h e  number of g a t e  i n p u t s  r equ i r ed .  

For t h e  saving i n  coincidence g a t e  d iodes  t o  overcome t h e  

a d d i t i o n a l  weight of t h e  t r i g g e r  c i r c u i t s ,  t h e  r a t e  of change 

of ramp vo l t age  would have t o  be so slow t h a t  t h e  u n c e r t a i n t y  

of i n t e r s e c t i o n  t ime would probably exceed t h e  quan t i z ing  

The ramp generator  could r e p l a c e  s e v e r a l  f l i p -  

steps of t h e  d i g i t a l  c lock.  Both schemes, however, deserve  

i n v e s t i g a t i o n  and should be considered f u r t h e r  i n  t h e  next  

phase of t h e  e f f o r t .  

3.4.4 Electrometer  A ~ D  l i f  ier  

The e l ec t rome te r  ampl i f i e r  as i t  now ex is t s  i n c o r p o r a t e s  
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as i t s  c o n t r o l  component a s o l i d  s t a t e  o p e r a t i o n a l  a m p l i f i e r .  

This des ign  phi losophy ;should be adhered t o  f o r  f u t u r e  

cons ide ra t ions ,  since it appears t o  r e p r e s e n t  t h e  b e s t  

technique f o r  maintaining the h ighes t  p o s s i b l e  r e l i a b i l i t y  

i n  t h e  f a c e  of t h e  r a t h e r  s t r i n g e n t  environmental  condi t ions .  

Hence, concerning t h e  ope ra t iona l  a m p l i f i e r  des ign  i n  

par t icu lar ,  it i s  recommended t h a t  i t  only be modified t o  t h e  

e x t e n t  of providing a u n i t  of comparable performance, but  

t h a t  i t  inco rpora t e  r e l i a b l e  e l e c t r o n i c  components, such as 

those l i s t e d  i n  t h e  JPL prefer red  pa r t s  l i s t .  The p re sen t  

a m p l i f i e r  i nco rpora t e s  a carrier frequency of 5 megacycles 

and some e f f o r t  i s  expected t o  be r equ i r ed  t o  assure t h a t  

t h i s  does no t  produce any s i g n i f i c a n t  r-f i n t e r f e r e n c e  with 

o the r  system components. By proper  s h i e l d i n g  and capac i ty  

bypassing t h i s  requirement  should be r e a d i l y  achieved. 

boards f o r  t h e  P-2 ope ra t iona l  a m p l i f i e r  shown i n  f i g u r e  18 

i l l u s t r a t e  the  l i g h t  weight compact n a t u r e  of t h e  p r e s e n t  

s o l i d - s t a t e  package. 

C i r c u i t  

O u r  l abo ra to ry  experiments and t h e o r e t i c a l  cons ide ra t ions  

of t h e  automatic  zero ing  achieved by inco rpora t ing  a l i n e a r  

e l e c t r i c a l  feedback network t o  gene ra t e  a t r a n s f e r  response 

t h a t  g r e a t l y  suppresses  low f requency f l u c t u a t i o n s ,  w h i l e  

passing unat tenuated t h e  frequency components important  t o  

f a i t h f u l  r ep roduc t ion  of t h e  chromatographic response ,  appears  

p a r t i c u l a r l y  promising. I n  s e l e c t i n g  t h i s  method f o r  e l ec t rome te r  
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z e r o  c o r r e c t i o n ,  both e l e c t r o n i c  and e lec t romechanica l  servo 

c o r r e c t i o n  methods were considered and abandoned because of 

undue complexity and t h e  ensuing p o s s i b i l i t y  of power 

r e l i a b i l i t y .  We be l ieve  t h a t  t h e  method we have s e l e c t e d  

i s  t h e  most s u i t a b l e  f o r  t h e  s p e c i f i c  a p p l i c a t i o n ,  and t h a t  

i t  achieves  t h e  d e s i r e d  goa l  simply and e f f i c i e n t l y .  

F i n a l l y ,  our present  system i n c o r p o r a t e s  two s e p a r a t e  

e l ec t rome te r  amplif iers  t o  which 4 d e t e c t o r  c e l l s  a r e  

connected i n  pa i r s .  This arrangement i s  necessary t o  achieve 

d i s t i n c t  s e p a r a t i o n  of var ious e l u t i o n  peaks. It i s  

recommended t h a t  some f u r t h e r  c o n s i d e r a t i o n  be given t o  methods 

of reducing t h e  requirement  t o  only one e l ec t rome te r :  

might be done by f u r t h e r  study of t h e  column des ign  and t o t a l  

a n a l y s i s  time t o  achieve s u f f i c i e n t l y  grea t  s e p a r a t i o n  of t h e  

e l u t i o n  peaks t o  permit  t h e i r  passage through a s i n g l e  common 

e l ec t rome te r  a m p l i f i e r  f o r  a m u l t i p l i c i t y  of d e t e c t o r s .  

t h i s  time t h e  ove r l ap  of t h e  s k i r t s  of t h e  e l u t i o n  peaks w i t h  

an ana lys i s  time frame of 5 minutes prevents  t h e  use of t h i s  

concept;  it can be a l s o  employed only a t  t h e  expense of l o s s  

of accuracy of concent ra t ion  or l o s s  of a minor peak. 

3.4.5 Josar i thmic A ~ D  l i f  i e r  

t h i s  

A t  

The p r i n c i p a l  func t ion  of t h e  logar i thmic  a m p l i f i e r  

i s  t o  compress t h e  range of v a r i a t i o n  f o r  t h e  chromatographic 

response s o  t h a t  it may more r e a d i l y  be accommodated by t h e  

t ransmiss ion  l i n k .  However, because of a t  l e a s t  two 
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c o n s i d e r a t i o n s ,  o the r  t han  s i m p l i f i c a t i o n  of t h e  o v e r a l l  

system, it may be adv i sab le  t o  e l i m i n a t e  t h e  logar i thmic  

a m p l i f i e r  from t h e  design.  F i r s t ,  t h e  logar i thmic  cha rac t e r -  

i s t i c  of t h e  p re sen t  d e t e c t o r s  a l r eady  s i g n i f i c a n t l y  com- 

presses t h e  range  of v a r i a t i o n  of t h e  s i g n a l  output .  Our 

p re sen t  experience i n d i c a t e s  t h a t  t h e  current peaks range 

from 10-11 t o  

mately loo8 amp. 

noise  l i m i t e d  by t h e  random noise  l e v e l  of 

t h e  b a s e l i n e  c u r r e n t  w i t h  very l i t t l e  o r  no c o n t r i b u t i o n  

from t h e  a m p l i f i e r  i t s e l f .  Hence, an e n t i r e  60 d b  dynamic 

range  i s  adv i sab le  t o  preserve t h e  informat ion  i n  t h e  peaks. 

amps on a base l i n e  c u r r e n t  of approxi-  

Furthermore, our e l ec t rome te r  a m p l i f i e r  i s  

amperes i n  

The next important  cons ide ra t ion  concerns t h e  ac tua l  

n e c e s s i t y  of logar i thmic  compression f o r  t ransmiss ion .  

i s  a f a c t  t h a t  t o  optimurnly feed t h e  informat ion  t o  e a r t h  

over a binary coded d i g i t a l  t ransmiss ion  l i n k  r e q u i r e s  loga r i thmic  

conversion. Otherwise,  t ransmiss ion  capac i ty  w i l l  be d i s -  

p ropor t iona te  and hence wasted. 

t h i s  conversion i n  t h e  chromatograph sonde it would probably 

be more e f f i c i e n t l y  and accura t e ly  performed a s  par t  of t h e  

analog t o  d i g i t a l  conversion process  i n  t h e  parent  v e h i c l e  

wi th  l i t t l e  e x t r a  complicat ion i n  t h e  A t o  D conver te r .  

f o r e ,  i f  t h e  s i g n a l  can be re layed  t o  t h e  A-D conver te r  probably 

i n  t h e  parent  v e h i c l e  with good s i g n a l  t o  noise  r a t i o  and 

dynamic range,  i .e.  60 db, then t h e r e  i s  probably no cause t o  

It 

However, r a the r  than  performing 

There- 
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burden t h e  chromatographic sonde e l e c t r o n i c  package w i t h  

l oga r i thmic  conver te rs .  

range  of t h e  r e l a y  d a t a  l i n k  i s  not  s u f f i c i e n t  t o  accommodate 

a 60 db range,  then i t  w i l l  be adv i sab le  t o  have t h e  log 

conver te r  i n  t h e  chromatograph sonde. 

On t h e  o ther  hand i f  t h e  dynamic 

I f  t h e  logar i thmic  conver te rs  a r e  u l t i m a t e l y  r e q u i r e d ,  

t hen  some e f f o r t  w i l l  have t o  be e x e r t e d  t o  assure t h a t  t h e  

non-l inear  feedback d iodes  used t o  achieve t h e  logar i thmic  

response  a re  temperature  s t a b i l i z e d .  T h i s ,  i t  i s  f e l t ,  can 

be achieved by permi t t ing  t h i s  p o r t i o n  of t h e  package t o  be 

f u l l y  sinked t o  t h e  s t a b i l i z e d  oven package. 

3.4.6 Sauib F i r i n s  C i r c u i t  

To f i r e  t h e  squibs  t h a t  ope ra t e  t h e  gas i n j e c t i o n  valve,  

a simple RC c i r c u i t  was designed and b u i l t  c o n s i s t i n g  of a 

250 microfarad e l e c t r o l y t i c  capac i to r  charged through a 6800 

ohm r e s i s t o r  from a 28 v o l t  dc  source. 

one mi l l i second w i t h  any vol tage  over 18 v o l t s  app l i ed .  I ts  

i g n i t e r  r e s i s t a n c e  i s  about  t e n  ohms. Discharging t h e  250 micro- 

f a r a d  capac i to r  through t h e  squib r e s i s t a n c e ,  t h e  vo l t age  

remains above 18 v o l t s  f o r  about one millisecond. On t h e  

The squ ib  i g n i t e s  w i t h i n  

assumption t h a t  d i scha rg ing  t h e  c a p a c i t o r  of t h e  above descr ibed  

c i r c u i t  through t h e  squib  i g n i t e r  would f i r e  t h e  squibs  w i t h  

accep tab le  r e l i a b i l i t y ,  it can be used as  a b a s i s  f o r  des ign  

of a n  automated f i r i n g  system. 

can be connected between t h e  squib and b a t t e r y  r e t u r n .  

A s i l i c o n  c o n t r o l l e d  switch 

The 
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SCR can be e a s i l y  and r e l i a b l y  t r i g g e r e d  by Programmer No. 11. 

The problem of tu rn ing  it of f  remains. 

i g n i t e r  burns open. 

t o  be c o n s i s t e n t  enough t o  be r e l i e d  on f o r  c u r r e n t  

i n t e r r u p t i o n ,  an  inductor  could be used t o  change t h e  p o l a r i t y  

of v o l t a g e  momentarily and permit t h e  SCS t o  s t o p  conducting. 

This is convent iona l ly  done by connect ing it i n  t h e  l ead  

t o  t h e  c o n t r o l l e d  switches.  

r e s o n a t e  f o r  one-half / cyc le .  

r e v e r s e ,  t h e  SCR i n t e r r u p t s  and t h e  c a p a c i t o r  i s  recharged.  

Genera l ly  t h e  squ ib  

Should t h i s  c h a r a c t e r i s t i c  prove not  

The inductor  and c a p a c i t o r  s e r i e s  

When t h e  c u r r e n t  s t o p s  t o  

I n  p r a c t i c e  t h e  250 microfarad c a p a c i t o r  and l i m i t i n g  

res i s tor  absorbed 4.1 mill iamperes  a t  28 v o l t s  a t  t h e  s t a r t  

of t h e  charging process .  

784 x 2.5 x 

shor ted  squibs  t h i s  would amount t o  177 J o u l e s ,  a t r i v i a l  

t o t a l  load. 

c a p a c i t o r  was spent  before  the squib  i g n i t e r s  opened. This 

would l i m i t  t h e  requirement  t o  only 0.67 Joules. 

3.4.7 power S u m l i e s  

To ta l  power p e r  charge i s  V2C = 

= 1.96 x 1 O - I  Jou le s .  For e i g h t  f i r i n g s  with 

I n  p r a c t i c e ,  l e s s  than  30% of t h e  charge of t h e  

The p r e s e n t  e l e c t r o n i c  components ope ra t e  a t  p l u s  and 

T h i s  supply vo l t age  i s  d i r e c t l y  r e a l i z a b l e  

The 

minus  t e n  v o l t s .  

from a 28 v o l t  b a t t e r y  u s i n g  d i r e c t  coupled r e g u l a t o r s .  

p re sen t  r e g u l a t o r s  have proved s a t i s f a c t o r y  f o r  l a b o r a t o r y  

use. However, more s o p h i s t i c a t e d  and more complex r e g u l a t o r s  

g iv ing  b e t t e r  c o n t r o l  are current p r a c t i c e  and can be s u b s t i t u t e d  
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without  any complicat ions.  

grounded, i n s t e a d  of f l o a t i n g ,  t h e  problems produced could 

amount t o ,  a t  most, a dc t o  dc conve r t e r ,  a device  now wel l  

w i t h i n  t h e  s ta te -of - the-ar t .  

c e l l s  working up t o  a thousand v o l t s  app l i ed  EMF are  con- 

s i d e r e d  i n  f u t u r e  des igns ,  t h e  high vo l t ages  s i m i l a r l y  can 

be generated i n  a dc t o  dc  converter .  

Should t h e  b a t t e r y  be e x t e r n a l l y  

If high vo l t age  gas d e t e c t o r  

I. 
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3.5 Processing of Chromatograph Data f o r  Transmission 

3.5.1 General  

It should be recognized t n a t ,  a t  d i s t a n c e s  a s  g r e a t  a s  

t h a t  of t h e  p l a n e t  Mars from Earth,  information communication 

should be performed i n  t h e  most e f f i c i e n t  means p o s s i b l e .  This  

i s  necessary  i f  t h e  message r e l a y i n g  t h e  s c i e n t i f i c  d a t a  

c o l l e c t e d  by t h e  Mars veh ic l e  sensors  i s  t o  be r e t r i e v a b l e  by 

receivers on Ear th ,  from t h e  thermal  and atmospheric  no i se  

background, a t  a minimum of expense i n  terms of s i z e  and weight 

of the Mars v e h i c l e  te lemet ry  t r a n s m i t t e r .  

Maximumly e f f i c i e n t  u t i l i z a t i o n  of t h e  t ransmiss ion  i n f o r -  

mation space i s  achieved by d e v ~ t i ~ g  t ~ e  information space 

a v a i l a b l e  t o  t h e  encoding of the s f 9 r i f i c a n t  f e a t u r e s  of t h e  

event  t o  be r e l ayed ,  and wasting a s  l i t t l e  a s  p o s s i b l e  of 

t h e  informat ion  space on f e a t u r e s  t h a t  are e i t h e r  h igh ly  

improbable o r  of t r i v i a l  irnpo-ctmce e F c r  t ransmiss ion  of 

t h e  chromatograph ou tpu t ,  Xelpar has  been illformed t h a t  800 

b i t s  of information space is a v a i l a b l e  and t h a t  t h i s  can be 

t r a n s m i t t e d  a t  a r a t e  of approximately 1 b i t  pe r  second. I n  

t h e  fo l lowing  d i s c u s s i o n ,  w e  s h a l l  concern ou r se lves  with 

t h e  manner i n  which t h e  chromatograph Srjformaelon s%ould be 

encoded t o  employ t h e  a v a i l a b l e  information space f o r  t h e  most 

e f f i c i e n t  t r a n s f e r  of d a t a  t o  Ear th .  The methods o u t l i n e d  

f o r  t ransmiss ion  of t h e  chromatograph data a r e  those  recommended 

by Melpar, i n  t h e  l i g h t  of information made a v a i l a b l e  by JPE, 
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concerning the gene ra l  na tu re  of t h e  communication l i n k .  

A t  one t i m e  dur ing  t h e  e f f o r t ,  it had been expected t h a t  

due t o  non-monotonic d e t e c t o r  c e l l  c h a r a c t e r i s t i c s ,  d e l e t e  c e r t a i n  

concen t r a t ion  l e v e l s  f o r  some gaseous samples would produce a 

double peaked c h a r a c t e r i s t i c  i n  which t h e  he igh t  of one peak 

and t h e  depth of t h e  t rough between them could be s i g n i f i c a n t  

c h a r a c t e r i s t i c s  f o r  c l a s s i f i c a t i o n  of t h e  event .  I f  t h i s  w e r e  

t h e  c a s e ,  it would be necessary t o  t r a n s m i t ,  i n  a d d i t i o n  t o  

t h e  ampli tude and t i m e  of occurrence of t h e  i n i t i a l  maximum, 

t h e  ampli tude of t h e  minimum t h a t  s e p a r a t e s  t h e  peaks.  Such 

a second class of even t s  would hence r e q u i r e  a d d i t i o n a l  i n f o r -  

mation pe r  chromatographic respolise, a t  t h e  expense of o t h e r  

compound de termina t ions .  

It i s  r a t h e r  obvious t h a t  t h e  occurrence of such double 

peaks should be avoided i f  maximum u t i l i z a t i o n  of t h e  i n f o r -  

mation capac i ty  of t h e  communication lirrk f o r  t r a n s f e r  of t h e  

chromatographic response d a t a  t o  e a r t h  i s  to be achieved.  

Hence, i n  Melpar's performance OR t h e  s u b j e c t  c o n t r a c t  every 

e f f o r t  was exe r t ed  t o  avoid the  cond i t ion ,  and iEcleed it now 

appears  t h a t  the cond i t ion  can be avoided and such double peaks 

w i l l  n o t  occur  dur ing  t h e  a n a l y s i s .  Therefore ,  ozxr approach 

is now pred ica t ed  on t h e  occurrence of only s i n g l e  maximum 

responses .  

I n  t h e  fo l lowing  paragraphs,  t h e  chromatographic responses  

a r e  examined f o r  t h e i r  s i g n i f i c a n t  information c o n t e n t ,  a 
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f u n c t i o n a l  d e s c r i p t i o n  of a da ta  processor  designed t o  e x t r a c t  

s i g n i f i c a n t  information from t h e  chromatographic response i s  

p re sen ted ,  and t h e  means of encoding t h i s  information i n  b inary  

coded form a r e  d iscussed .  

3.5.2 ~ S i g n i f i c a n t  Information Content of t h e  Chromatographic 
ResDonse 

The chromatograph response c o n s i s t s ,  i n  g e n e r a l ,  of a 

series of e l u t i o n  peaks occurr ing  s e q u e n t i a l l y  i n  t i m e .  The 

s i g n i f i c a n t  information contained i n  these peaks l i e s  i n  

knowledge of t h e  ampli tude of t h e  maximum and i t s  t i m e  of 

occurrence.  The information capac i ty  r e q u i r e d  f o r  t r a n s -  

mission of t h e  d a t a  depends on t h e  accuracy w i t h  which t h e  

d a t a  i s  t o  be preserved and the dynamic range t h a t  t h e  para- 

meter t o  be observed covers .  For t ransmiss ion  of t h e  maximum 

ampli tude and t i m e  of occurrence it i s  advised  t h a t  l oga r i thmic  

encoding be employed. I n  t h i s  method of encoding t h e  l e v e l s  

of quan t i z ing  a r e  such t h a t  each s t e p  is a cons t an t  percentage 

of t h e  magnitude of t h e  observa t ion  made. Hence, a l l  

obse rva t ions  have t h e  same percentage accuracy.  For an n b i t  

b inary  word, t h e  quan t i z ing  accuracy wi th  which a parameter  

ranging  between t h e  l i m i t s  Ao< ? A 1  is 

% Quant iz ing  Accuracy = [ (27: 11 x 100 

(where t h e  e r r o r  i s  considered t o  be one-half  t h e  va lue  of a 
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quan t i z ing  i n t e r v a l . )  The accuracy r e s u l t i n g  f o r  a number of 

dynamic range cond i t ions  and binary quan t i z ing  l e v e l s  i s  

i l l u s t r a t e d  i n  t h e  fo l lowing  t a b u l a t i o n .  

QUANTIZING ACCURACY AS A FUNCTION OF DYNAMIC RANGE 
AND BINARY CODE D I G I T S  

Dynamic Ranqe Number of Binary Digits 

7 b i t s  8 b i t s  9 b i t s  

60 db 2.7% 1.35% 0.67% 

40 db 1.8% 0.9% 0.45% 

20 db 0.9% 0.45% 0.23% 

Reference t o  t h e  table i l l u s t r a t e s  t h e  manner i n  which i n f o r -  

mation capac i ty  v a r i e s  as a func t ion  of dynamic range and 

accuracy.  From t h i s  t a b l e  a v a r i e t y  of t r a d e - o f f s  are seen t o  

be p o s s i b l e .  It i s  our  opinion t h a t  each ampli tude maximum 

sample should be encoded with 8 b i t s  over  a 60 db dynamic range 

t h u s  provid ing  a mean e r r o r  of 1.35%. 

accuracy without  increased  channel c a p a c i t y ,  it could be achieved 

a t  t h e  s a c r i f i c e  of dynamic range. For example t h e  same 8 b i t s  

a p p l i e d  t o  a 40 db dynamic range r e s u l t s  i n  a mean e r r o r  of 

0.9%. As y e t  another  t rade-of f  example, i f  one wishes t o  

reduce t h e  information ra te ,  it may be accomplished e i t h e r  a t  

t h e  expense of quan t i z ing  accuracy o r  dynamic range.  This  i s  

If one wishes g r e a t e r  

appa ren t  i n  t h e  t a b u l a t i o n ,  where f o r  a 7 b i t  word one h a s  

among p o s s i b l e  choices  a 60 d b  dynamic range wi th  2.7% mean 
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error o r  a 40 db dynamic range w i t h  1.8% mean e r r o r .  I 
A similar s i t u a t i o n  e x i s t s  f o r  t i m e  of occurrence.  Our I 

r e s u l t s  i n d i c a t e  t h a t  t h e  peaks w i l l  occur  i n  t he  range 1 O c  t T 3 0 0  

seoonds.  

w i t h  a mean e r r o r  of 1.35% with a 7 b i t  word o r  a mean e r r o r  

T h i s  i s  a 30: l  dynamic range and it can be quant ized 

of 0.67% f o r  a n  8 b i t  word. For t h i s ,  our  p r e s e n t  opinion i s  I 

I 

t h a t  7 b i t  q u a n t i z a t i o n  per  sample is r equ i r ed .  I 

From the above d i scuss ion ,  it appears  t h a t  8 b i t s  f o r  

ampli tude and 7 b i t s  f o r  time informatbn are necessary t o  

r e t r i e v e  the s i g n i f i c a n t  information from a s i n g l e  peak i n  

the  chromatograph response func t ion .  

appears  t o  be the g o a l  t h a t  should be sought.  Reference t o  

f i g u r e s  5 and 6 of Volume I1 of t h i s  r e p o r t  r e v e a l s  t h a t  1 0  

peaks ( i n c l u d i n g  a i r  peaks) from each of the two d e t e c t o r  

channels  a r e  p o s s i b l e ,  hence g iv ing  a t o t a l  of 20 p o s s i b l e  

peaks per  sample run .  I f  each of these i s  t o  be quant ized 

w i t h  15 b i t s ,  t hen  each run w i l l  r e q u i r e  a t o t a l  capac i ty  of 

300 b i t s .  I f  800 b i t s  i s  the maximum a l l o c a t i o n ,  t hen  it i s  

seen that  one can expect  t o  r e t u r n  t o  earth the r e s u l t s  of 

two complete ana lyses .  

I 

Hence 1 5  b i t s  per  sample 
I 
I 

I 

I 

I 

It should be noted t h a t  by i n c r e a s i n g  

the capac i ty  a l l o c a t i o n  t o  900 b i t s ,  i f  it should become 

p o s s i b l e ,  it i s  p o s s i b l e  t o  r e t u r n  t o  e a r t h  the r e s u l t s  of 

three ana lyses .  

L e t  u s  now cons ider  what would happen i f  one i s  w i l l i n g  

t o  sacrifice accuracy f o r  the sake of m u l t i p l e  ana lyses  w i t h i n  
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t h e  conf ines  of 800 b i t s .  If three ana lyses  are t o  be performed, 

each w i t h  a complement of 20 compounds, t hen  t h e  number of b i t s  

per  sample cannot  be g r e a t e r  than 13. One might a l low 7 b i t s  

f o r  ampli tudes and 6 b i t s  f o r  t i m e .  For a dynamic range of 

ampli tudes of 60 db, t he  mean quan t i z ing  e r r o r  f o r  peak ampli- 

t u d e s  would be 2.7%. 

db,  t h i s  mean quan t i z ing  e r r o r  would reduce t o  1.8%. The t i m e  

base accuracy for t he  i n t e r v a l  10<t<300 seconds would be 2.7%. 

T h i s  t r ade -o f f  does n o t  appear p a r t i c u l a r l y  severe and should 

be s e r i o u s l y  considered.  

I f  t h e  dynamic range were reduced t o  40 

L e t  us  now go one s t e p  f u r t h e r  and cons ider  the p o s s i b i l i t y  

of 4 complete a n a l y s i s  runs .  If each i s  t o  al low for  20 p o s s i b l e  

peaks,  t hen  f o r  each, 10 b i t s  of information space i s  a l lowable  

w i t h i n  t he  o v e r a l l  l i m i t  of 800 b i t s .  A possible s p l i t  i s  5 

b i t s  f o r  ampli tude g i v i n g  a mean quan t i z ing  a m p l i t u d e  accuracy 

of 12% f o r  60 db dynamic range o r  7.5% f o r  40 db dynamic range,  

and 5 .5% mean accuracy f o r  time base q u a n t i z a t i o n  i n  the range 

of 1 0  < t <  300 seconds. These r e s u l t s  appear t o  have excess ive  

e r r o r .  

F i n a l l y ,  i f  one could expect t h a t  o u t  of the  20 p o s s i b i l i t i e s  

only 1 5  w i l l  occur ,  t hen  f o r  four  ana lyses ,  each sample could 

have 13 b i t s  a l l o c a t e d  t o  it and the  s i t u a t i o n  previous ly  

desc r ibed  with 7 b i t s  a l l o c a t e d  t o  ampli tude and 6 b i t s  t o  t i m e  

would p r e v a i l .  T h i s  s i t u a t i o n  provided an ampli tude quan t i z ing  

accuracy of 2.7% f o r  a 60 db dynamic range and a t i m e  accuracy 
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of 2.7% €or  t h e  range from 1 0  t o  300 seconds.  

appears  q u i t e  f e a s i b l e .  

3 . 5 . 3  Funct iona l  Descr ipt ion of Data Processor  

This  p o s s i b i l i t y  

I n  t h i s  s e c t i o n ,  we present  a d i scuss ion  of a r e l a t i v e l y  

simple d a t a  processor  t h a t  au tomat ica l ly  samples t h e  ampli tude 

of a chromatograph peak and i t s  t ime of occurrence.  The 

p r i n c i p a l  u n i t  of t h i s  d a t a  processor  i s  t h e  sampling pu l se  

gene ra to r .  This  u n i t ,  which i s  shown i n  f u n c t i o n a l  block 

diagram form i n  f i g u r e  19  determines t h e  t i m e  of peak occurrence 

by first  d i f f e r e n t i a t i n g  t h e  incoming chromatograph a n a l y s i s  

f u n c t i o n  and examining t h i s  d e r i v a t i v e  f o r  nega t ive  going a x i s  

c r o s s i n g s .  As shown. i n  f i g u r e  1 9 ,  t h e s e  nega t ive  going ax i s  

c r o s s i n g s  s i g n a l  t h e  at ta inment  of t he  peak vaJs;3 by t h e  i n p u t  

chromatographic func t ion .  The p u l s e s  produced by t h e  c i r c u i t  

a t  t h i s  i n s t a n t  a r e  employed t o  i n i t i a t e  t h e  ampli tude and 

t i m e  base samplings which. c h a r a c t e r i z e  the s i g n i f i c a n t  i n f o r -  

mation contained i n  t h e  a n a l y s i s .  

The complete data processor  proposed €o r  t h e  p r e s e n t  two 

channel  a n a l y s i s  system i s  shown i n  f i g n r e  20. It c o n t a i n s  

two s e p a r a t e  peak sample pulse  gene ra to r s  of t h e  type  desc r ibed  

i n  t h e  prev ious  paragraph,  one f o r  operac ioc  on each of t h e  

e l ec t rome te r  channels  designated a s  Channel A ar-d Channel B f o r  

t h i s  d i scuss ion .  The system p e r m i t s  t h e  sampling of a maximum 

occur r ing  i n  e i t h e r  channel  by t h e  same Analog Sampler and a l s o  

i n d i c a t e s  whether t h e  sampling occurred i n  Chamel  A o r  Channel B. 
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It i s  f e l t  t h a t  the  simultaneous occurrence of peaks i n  both 

channels  A and B i s  very un l ike ly  wi th in  the t i m e  r e s o l u t i o n  of 

the peak d e t e c t o r  and sampling c i r c u i t s .  T h i s  t i m e  r e s o l u t i o n  

can be made t o  be a very small f r a c t i o n  of a second and t h i s  

i s  r e l a t i v e l y  i n s i g n i f i c a n t  compared t o  a response d u r a t i o n  

which i s  i n  terms of seconds.  

Assuming now t h a t  the  sampling epochs are  proper ly  

genera ted ,  each peak w i l l  have i t s  ampli tude sampled by the 

ana log  sampler and t h i s  sample converted t o  b inary  code by the 

ana log  t o  d i g i t a l  conve r t e r .  Also t h e  t i m e  of occurrence of 

t h e  peak w i l l  be established by sampling t h e  t i m e  e l apsed  as  

i n d i c a t e d  by the output  of t h e  d i g i t a l  c lock.  

coded samples of peak amplitude and t i m e  of occurrence a long  

with the i n d i c a t i o n  of the channel i n  which the  peak occurred 

a r e  fed t o  an i n p u t  r e g i s t e r  and immediately t r a n s f e r r e d  t o  a 

p o s i t i o n  i n  the b u f f e r  s to rage  register.  

r e g i s t e r  could have s u f f i c i e n t  capac i ty  t o  s t o r e  a l l  chromato- 

graph samples and l a t e r  t r ansmi t  them t o  the communication 

l i n k  upon command i n  se r ia l  form f o r  t r a n s f e r  t o  the earth 

r e c e i v e r .  It should be noted t ha t  the channel  c l a s s i f i c a t i o n  

could add an e x t r a  b i t  t o  each sample, and some means of avoid- 

i n g  t h i s  should be considered f o r  maximum u t i l i z a t i o n  of channel  

capac i ty .  Information by p o s i t i o n  i n  the t ransmiss ion  frame 

could p o s s i b l e  be employed, a l l  responses  coming from channel  A 

be t r a n s m i t t e d  f i r s t ,  followed by those  from channel  B. Fur ther -  

more, some means of segmenting va r ious  a n a l y s i s  runs  f o r  m u l t i p l e  

ana lyses  must be considered.  

These b inary  

The b u f f e r  s t o r a g e  
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4. INTEGRAL UNIT DESIGN 

T h i s  s e c t i o n  of t h e  r e p o r t  d e a l s  w i t h  t h e  i n t e g r a l  

d e s i g n  f o r  a l l  components of t h e  u n i t .  I n  p a r t i c u l a r ,  t h e  

problems of i n t e r c o n n e c t i o n ,  space  a l l o c a t i o n ,  s t r u c t u r a l  

i n t e g r i t y ,  e n v i r o n m e n t a l  s u v i v a l  and env i ronmen ta l  t e s t s  

a r e  c o n s i d e r e d .  

4.1 Weight  and Volume of Sub U n i t s  - - CUI--- 

T a b l e  5 p r o v i d e s  a comprehensive summary of t h e  

p r o j e c t e d  i n d i v i d u a l  volume and w e i g h t s  of t h e  v a r i o u s  

components and s u b a s s e m b l i e s  of t h e  g a s  chromatograph.  

A f a i r l y  h i g h  l e v e l  of c o n f i d e n c e  i s  r e f l e c t e d  i n  t h e  

f i g u r e s  p r e s e n t e d  i n  view of t h e  f a c t  t h a t  many of t h e  

components a r e  based  on t h o s e  deve loped  f o r  t h e  l a b o r a t o r y  

model. The s i z e  and we igh t  of t h e  oven i s  based  on f i g u r e s  

f o r  a n  oven of n e a r l y  t h e  same s i z e  which was c o n s t r u c t e d  

and t e s t e d  d u r i n g  t h e  r e s e a r c h  phase .  A d i s c u s s i o n  of t h e  

s a t i s f a c t o r y  per formance  of  t h i s  oven was p r e s e n t e d  i n  

a n o t h e r  s e c t i o n  of  t h e  r e p o r t .  The i n j e c t o r  v a l v e  i s  a 

f u r t h e r  m o d i f i c a t i o n  of t h e  i n j e c t o r  v a l v e  which was 

c o n s t r u c t e d  and used w i t h  s a t i s f a c t o r y  r e su l t s  i n  t h e  

l a b o r a t o r y  model. The d e t e c t o r s  were used i n  t h e  l a b o r a t o r y  

model i n  a s l i g h t l y  l a r g e r  c o n f i g u r a t i o n .  The p r e s s u r e  

r e g u l a t o r  r e p r e s e n t s  a s l i g h t l y  mod i f i ed  v e r s i o n  of a s i m i l a r  

p r e s s u r e  r e g u l a t o r ,  s u p p l i e d  by t h e  Leonard Company, which 

h a s  p r e v i o u s l y  been used i n  o t h e r  a e r o s p a c e  p r o j e c t s .  Although 
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t h e  c a r r i e r  g a s  r e s e r v o i r  h a s  n o t  been f a t r i c a t e d  f o r  t h e  

l a b o r a t o r y  model, t h e  f i g u r e s  p r e s e n t e d  a r e  based  on c a l c u l a t i o n s  

r e l a t e d  t o  t h e  r e q u i r e d  s i z e  and w a l l  t h i c k n e s s  f o r  t h e  

g i v e n  p r e s s u r e  and t e m p e r a t u r e  ex t remes .  These c a l c u l a t i o n s  

a r e  d e r i v e d  from i n f o r m a t i o n  g i v e n  by m a n u f a c t u r e r s  of 

t i t a n i u m  p r e s s u r e  v e s s e l s .  
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TABLE 5 

WEIGHT AND VOLUME SUMMARY 

SUBUNIT 

2 Logarithmic Ampl i f ie rs  

2 Feed Back Ampl i f ie rs  

2 Elec t rometer  Ampl i f ie rs  

2 De tec to r  Power Supplies* 

Feedback Cont ro l  C i r c u i t  

Amplif ier  Power Supply 

2 Programmers 

Squib Cont ro l  C i r c u i t  

P r e s s u r e  S e a l s  

2 T r a n s i t  S e a l s  

Pump (Ven tu r i )  ( A l )  

C a r r i e r  Gas Tank ( T i )  

Regula t o r  ( P r  e s sure 1 
I n  j ec t o r  Va l v e  

Oven ( W i t h  Insul-Thermite e tc .  ) 

Sample Loop 

Columns 

4 De tec to r s  

Case 

Reference Gas Release 

VO L? J 
CU. I N .  

2.0 

2.0 

4.0 

2.0 

5.0 

3.0 

15.0 

3.0 

0.45 

0.44 

0.16 

7.2 

3.5 

6.4 

81.8 

1.0 

2.45 

0.17 

7.56 

0.10 

WEIGHT 
LBS. 

0.10 

0.10 

0.20 

0.15 

0.30 

0.16 

0.50 

0.12 

0.10 

0.10 

0.01 

0.12 

0.27 

0.35 

1.0 

0.06 

0.11 

0.05 

1.12 

0.05 
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TABLE 5 (contd)  

SUBUNIT 

Connecting Tubing 

Wire (Cable)  

VOLUME WEIGHT 
CU, IN. L E .  

0.07 0.02 

0.03 

147.47 5.02 
_c- 

0.17 
-I 

With a s t a c k i n g  f a c t o r  of 1.545, T o t a l  1.545 x 146.57 = 226 i n 3  
5.5 x 5.5 x 8.0 = 242 i n 3  S i z e  

* There i s  a good p r o b a b i l i t y  t h a t  t h e s e  power s u p p l i e s  
w i l l  n o t  be requi red .  The  10 v o l t  supply envis ioned  f o r  
t h e  d e t e c t o r s  may be t aken  from t h e  a m p l i f i e r  power s u p p l i e s .  

8 
4 
I 
II 
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The i n l e t  exhaust  p o r t s  and squib-ac tua ted  s e a l s  d a t a  

a r e  based on experimental  l abora tory  models w h i c h  Nere 

f a b r i c a t e d  and t e s t e d  dur ing  t h e  r e sea rch  phase.  The same 

a p p l i e s  t o  t h e  c r i t i c a l  o r i f i c e  Ventur i  pump. The f i g u r e s  

f o r  t h e  e l e c t r o n i c  c i r c u i t r y  inc lud ing  t h e  a m p l i f i e r s ,  

programmers, and power r e g u l a t o r s  a r e  de r ived  from work 

performed dur ing  t h e  r e sea rch  phase and from t h e  e x t e n s i v e  

p a s t  exper ience  by Melpar i n  packaging of min ia tu r i zed  

e l e c t r o n i c  c i r c u i t r y  f o r  m i s s i l e s  f o r  t h e  defense  i n d u s t r y ,  

The assembled u n i t  w i l l  assume a r e c t a n g u l a r  c o n f i g u r a t i o n  

measuring 5 Y  inches  squa re  by 8 inches  long and weighing 

approximately 5 pounds. These f i ~ u r e s  i n d i c a t e  compliance 

wi th  t h e  s p e c i f i c a t i o n s  i n  regard 'io s i z e  and weight. 

However, f u r t h e r  r educ t ion  of s i z e  and weight  may very  w e l l  

be f e a s i b l e  dur ing  t h e  development s t a g e .  

4.2 In t e rconnec t ion  of Sub x i t s  
------I----- -- 
The arrangement diagram given i n  f i g u r e 2 1  f ~ r  t h e  g a s  

chromatograph r e v e a l s  a gene ra l  d i v i s i o n  of  t h e  components 

which: (1) m u s t  be tempera ture-cont ro l led  w i t h i n  c l o s e  

limits, (2) components which m u s t  be brought  up t o  a 

c e r t a i n  minimum tempera ture ,  and ( 3 )  components which w i l l  

n o t  r e q u i r e  p rehea t ing  . Those components which a r e  enc losed  

w i t h i n  t h e  the rmi t e  oven and w i l l  r e q d r e  c l o s e  tempera ture  

c o n t r o l  a r e  t h e  chromatrograph columns, t h e  de t ec%ors ,  and 

t h e  i n j e c t o r  valve.  These componenzs a r e  a i r anged  i n  a 
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Figure 21a. Gas Chromatographic Breadboard Unit 

89 



8 
I 
I 
8 
I 
8 

R4435 

~- --1 - -  - 

h 

I 

I 

1. 
1 
1 
I 
I 
I 
I 
i 

I 
I 
I 
1 

Figure 21b. Gas Chromatographic Breadboard Unit 

90 



8 
8 
I 
8 
8 
8 
I. 
I 
1 
8 
1 
I 
8 
8 

I 
8 
I 
I 

c y l i n d r i c a l  c o r e  su r rounded  by chemica l  u n i t s  which, i n  

t u r n ,  a r e  sur rounded by i n s u l a t i o n  m a t e r i a l .  The components 

which w i l l  r e q u i r e  p r e h e a t i n g  t o  a minimum t e m p e r a t u r e  p r i o r  

t o  o p e r a t i o n  a r e  t h e  e l e c t r o n i c  and f e e d b a c k  a m p l i f i e r s  

and t h e  programmers. Logar i thmic  a m p l i f i e r s ,  i f  u sed ,  w i l l  

a l s o  r e q u i r e  p r e h e a t i n g .  These e l e c t r o n i c  s u b a s s e m b l i e s  

w i l l  be  e n c l o s e d  i n  enve lopes  w i t h  a t r i a n g u l a r  c r o s s  s e c t i o n  

t o  f i t  i n t o  t h e  c o r n e r s  o f  t h e  space  between t h e  c y l i n d r i c a l  

oven and t h e  r e c t a n g u l a r  o u t e r  s h e l l .  E l e c t r o n i c  c o n t r o l  

c i r c u i t r y ,  s q u i b  a c t u a t i o n  c i r c u i t r y ,  t h e  p r e s s u r e  r e g u l a t o r  

c a r r i e r  g a s  p r e s s u r e  t a n k ,  i n t a k e  and  e x h a u s t  p o r t s ,  and 

gas pump w i l l  be  i n  a compartment a t  t h e  end of  t h e  

r e c t a n g u l a r  e n c l o s u r e  a t  t h e  end o f  t h e  oven. These com- 

p o n e n t s  w i l l  n o t  r e q u i r e  p r e h e a t i n g  p r i o r  t o  o p e r a t i o n .  

I n t e r c o n n e c t i o n  of t h e  chromatograph components w i t h i n  

t h e  oven i s  a p p a r e n t  f rom t h e  f l o w  c o n t r o l  system d iag ram 

shown i n  f i g u r e 2 1  . P r i n c i p a l  emphasis  h e r e  w i l l  be  p l a c e d  

on t h e  s t a g e s  of assembly and p r o p e r  i n t e r c o n n e c t i o n  i n  

a s s u r i n g  t h a t  j o i n t s  made i n  t h e  f l o w  sys t em a r e  h e r m e t i c a l l y  

s e a l e d  and do n o t  p r o t r u d e  e x c e s s i v e l y .  T h i s  s e c t i o n  w i l l  

be  a p reas sembled  a s  a subassembly and w i l l  be  i n s e r t e d  

i n t o  t h e  oven w i t h  t h e  thermites and i n s u l a t i o n ;  i n t e r c o n n e c t i o n s  

w i l l  be  used t o  t h e  e x t e r n a l  components.  The c a r r i e r  g a s  

p r e s s u r e  t a n k  w i l l  b e  preassernbled w i t h  t h e  p r e s s u r e  

r e g u l a t o r  and mounted on a bulkhead d i v i d e r  p l a t e  o v e r  t h e  

oven 
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In t e rconnec t ions  through t h e  i n s u l a t i o n  t o  t h e  i n t e r n a l  

components w i l l  be  made by he rme t i ca l ly  sea l ed  j o i n t s  which 

w i l l  be designed f o r  minimum h e a t  conduc t iv i ty .  The i n l e t  

p o r t  squib  s e a l  assembly and t h e  exhaus t  p o r t  gas  pump 

squib s e a l  assembly w i l l  be mounted and in te rconnec ted  t o  

t h e  i n t e r n a l  oven s e c t i o n  i n  a s i m i l a r  manner. A c a b l e  

conta in ing  t h e  l e a d s  from the  d e t e c t o r s  w i l l  l ead  through 

t h e  i n s u l a t i o n  t o  t h e  bulkhead s e c t i o n  t o  make proper  

in t e rconnec t ions  t o  t h e  e l e c t r o n i c  c i r c u i t r y .  E l e c t r o n i c  

c o n t r o l  c i r c u i t s  and squib  c i r c u i t s  w i l l  be  mounted t o  t h e  

t o p  p l a t e ;  t h e  t r j a n g u l a r  s e c t i o n s  con ta in ing  t h e  programmers 

and a m p l i f i e r s  and a s s o c i a t e d  components w i l l  be f i x e d  i n  

t h e  c o r n e r s  of  t h e  assembly. The i n t e g r a l  u n i t  w i l l  be 

enclosed wi th  an o u t e r  case .  Fo r  purposes  of maintaining 

minimum weight and compaction, i t  i s  proposed t h a t  e x t e r n a l  

e l e c t r i c a l  i n t e rconnec t ion  b e  accomplished by f l y i n g  l e a d s  

r a t h e r  t han  by e l e c t r i c a l  connectors.  

4.3 S t r u c t u r a l  I n t e s i t y  --.----- 

The va lue  of  an instrument  f o r  t h i s  t ype  of  a p p l i c a t i o n  

i s  s t r o n g l y  dependent on i t s  a b i l i t y  t o  maintain s t r u c t u r a l  

i n t e g r i t y  a t  b l a s t o f f ,  i n  t r a n s i t ,  a t  Martian atmosphere 

i n j e c t i o n ,  and a t  impact on Mars. The s t r u c t u r a l  i n t e g r i t y  

m u s t  be such t h a t  i t s  u l t ima te  f u n c t i o n  a s  a Martian atmosphere 

a n a l y s i s  device  i s  n o t  impaired. The ins t rument  proposed 

h e r e  encompasses means f o r  e l imina t ing  a l l  unnecessary 
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components i n  subassemblies and f o r  achiev ing  t h e  u l t i m a t e  

i n  system performance wi th  the h i g h e s t  r e l i a b i l i t y .  

i n j e c t i o n  va lve  a c t i v a t e d  by squib f i r i n g  i s  a n  example 

of a s e l f - s u f f i c i e n t  u n i t  t h a t  does n o t  r e q u i r e  a bulky 

c o n t r o l  va lve  such a s  a solenoid valve.  

The 

The components have been arranged i n  t h e  breadboard 

conf igu ra t ion  i n  a manner t o  provide  t h e  optimum p r o t e c t i o n  

of s e n s i t i v e  elements  from any severe e f f e c t s  of t h e  environ-  

ment. The most c r i t i c a l  components p laced  i n  t h e  oven f o r  

temperature  c o n t r o l  a r e  p ro tec t ed  from shock and v i b r a t i o n  

t o  some e x t e n t  by t h e  i n s u l a t i o n  m a t e r i a l  used t o  reduce 

h e a t  l o s s ,  I n  t h e  assembly of t h e  u n i t ,  d i r e c t  coupl ing 

of t h e  v a r i o u s  subun i t s  t o  one ano the r  w i l l  be c a r r i e d  o u t  

i n  such a way a s  t o  p reven t  cascading of assembly. The 

e n t i r e  unit,when assembled,wil l  be enc losed  i n  a c a s e  made 

of a t h i n  s e r r a t e d  metal  which w i l l  c o n t a i n  a number of 

h o l e s  of microminia tur iz ing  weight. 

p rovide  t h e  r i g i d i t y  necessary f o r  t h e  u n i t .  

a i r  p r e s s u r e  changes which may be experienced a f t e r  launch 

and dur ing  i n j e c t i o n  a t  Mars could produce high s t ress  on 

a c a s e  which does n o t  provide f o r  r a p i d  brea th ing .  

The s e r r a t i o n s  w i l l  

Rapid ambient 

Such 

b rea th ing  would be a f f o r d e d  by t h e  ho le s .  

4.4 Environmental S u r v i v a l  

The u l t i m a t e  proof of the  a b i l i t y  of t h e  i n s t r u m e n t  

t o  wi ths tand  t h e  environments of extended space t r a n s i t ,  
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exposure t o  zero g r a v i t y ,  temperature  extremes, shock, and 

i n j e c t i o n  i n  t h e  Martian atmosphere can only r e s u l t  from an 

ex tens ive  t e s t i n g  program. However, any of t h e  problems may 

be a n t i c i p a t e d  on t h e  b a s i s  of p a s t  exper ience  wi th  s i m i l a r  

equipment used i n  missiles and s a t e l l i t e s .  Some of t h e  more 

obvious problems which can be  a n t i c i p a t e d  a r e  t h e  e l i m i n a t i o n  

of any f u n c t i o n s  which would depend on g r a v i t y ,  t h e  e l imin -  

a t i o n  of a s  many a s  p o s s i b l e  of t h e  spr ing-ac tua ted  devices ,  

and t h e  e l imina t ion  of any components which may be s u b j e c t  t o  

i n t e r n a l  p r e s s u r e s  due t o  t h e  vacuum c o n d i t i o n s  of space. 

Perhaps t h e  most severe  environmental r e s t r a i n t  w i l l  a r i s e  

from t h e  extremes of temperature  t o  which t h e  ins t rument  

w i l l  be subjec ted .  The p o s s i b l e  low temperature  of 140°K 

and t h e  s t e r i l i z a t i o n  temperature  of 145OC r e p r e s e n t  a very 

wide tempera ture  range through which m a t e r i a l s  m u s t  ope ra t e  

proper ly .  It i s  proposed, t h e r e f o r e ,  t h a t ,  dur ing  t h e  

development of t h e  breadboard modep cons ide rab le  e f f o r t  

be devoted t o  environmental  design t e s t  work i n  t h e  a r e a  

of s e l e c t i o n  of m a t e r i a l s  f o r  t h e  system. This  approach 

w i l l  a i d  i n  preempting any major road b locks  i n  t h e  t r a n s i t i o n  

from a breadboard model t o  a f i n a l  p ro to type  a t  a l a t e r  da t e .  

4.5 Environmental Tests  -- CI 

The JPL s p e c i f i c a t i o n  f o r  t h e  Mariner B probe and 

t h e  g a s  chromatrgraph have been s c r u t i n i z e d  t o  determine 

t h e  f e a s i b i l i t y  of performing t h e s e  t e s t s  a t  Melpar o r  
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t h e  a d v i s a b i l i t y  of having some of t h e  t e s t s  performed 

by r e g u l a r  subcon t rac to r s  of Melpar. In  Table  6 a r e  

paragraph numbers from t h e  JPL s p e c i f i c a t i o n s  which a r e  

a p p l i c a b l e  t o  t h i s  work. The a p p r o p r i a t e  group t h a t  

would handle  t h e  t e s t i n g  i n  ind ica t ed .  
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TABLE 6 

CAPABILITIES REGARDING EXPERIIMENTAL TESTING 
(Ref. JPL Spec. 30257 -- by paragraphs)  

4,1.1,1 Temperature Test -- Thermal S t e r i l i z a t i o n  can 

be accomplished a t  Melpar 

4.1,1.2 Ethylene Oxide Gas S t e r i l i z a t i o n  Test can be 

done a t  Melpar ( i f  r e q u i r e d )  

Liquid S t e r i l a n t s  f o r  J o i n t s  and Mating Sur faces  

may be done a t  Melpar i f  JPL r e q u i r e s  (JPL Spec. 

ques t ions  t h e  requirement)  

4.1.1,3 

Can be done a t  Melpar 1 4,1.2 Handling Shock 

4 A 2 a  Drop Test 

4,1,2b Bench Handling 

4*1,3 Transpor ta t ion  Vibra t ion  

The  18 min, a t  1.3 g from 2 t o  10 cps would be 

subcontracted t o :  

Wyle-Parameters, Inc  . , 
Garden C i t y  Park, N,Y, 

i f  t rue s inuso ida l  wave shape i s  r equ i r ed ,  

an  approximate wave shape is s a t i s f a c t o r y ,  i t  

can be done a t  Melpar by use of a c a n t i l e v e r  b a r  

t o  achieve t h e  r equ i r ed  displacement.  

of t h e  t e s t  can be done a t  Melpar. 

If 

The balance 

4 e 2 , l  Explosive Atmosphere Environment -- Would be 

done a t  General Tes t ing  Labora to r i e s  a t  Moon 
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4.3.1 

4.3.2.1a 

4.3.2.1b 

4.3.2.1~ 

4.4.la 

4.4.lb 

4.4.2 

Can be done a t  Melpar 

A r c h i v e ,  N . J .  

4.2.2.1 Humidity 

4.2.2.2 Oven Voltage 

4.2.2.2.1 A l t e r n a t e  

4.2.3 R-F I n t e r f e r e n c e  

This work would be done by Melpar. 

S t a t i c  Accelera t ion  

Can be done a t  Melpar 

V ib ra t ion  - Low Frequency 

Melpar would improvise o r  subcon t rac t  t o  

Wyle-Parameters 

High Frequency 

Can be done a t  Melpar 

Mid-Course Motor V ib ra t ion  T e s t  

Not r e q u i r e d  f o r  our  u n i t  b u t  could be done 

a t  Melpar 

P r e f e r r e d  Shock T e s t  ( s e e  4 . 4 . l b )  

Acceptab le  A l t e r n a t e  

A t  p r e s e n t ,  Melpar wobld have t o  s u b c o n t r a c t  

t o  Aero Research and Development Corpora t ion ,  

Wilmington, Massachuset”,s. However, Melpar 

a n t i c i p a t e s  t h e  purchase of s u i t a b l e  equipment 

t o  accomplish t h i s  t e s t  a f t e r  t h e  f i r s t  o f  t h e  

yea r .  

Space F l i g h t  Temperature 
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Can be s imulated with a b e l l  j a r  vacuum system 

from Melpar Research Labora to r i e s .  Melpar 

Environmental Labora to r i e s  a r e  a n t i c i p a t i n g  

purchase of more e l a b o r a t e  equipment a f t e r  t h e  

f i r s t  o f  t h e  year.  Tests may be subcont rac ted  

to:  Mount Vernon Research, Alexandr ia ,  Vi rg in ia  

Ref. JPL  SW 2727 

B 2  Environmental C o n s t r a i n t s  

a - S t e r i l i z a t i o n  - Melpar 

c l  - Vibra t ion  - Melpar 

c 2  - Shock - subcont rac t  Aero Research and 

Development Corporat ion 

d - Temperature - Melpar 
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